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K f min Whether for green feed, silage or hay, grasses 
a Ud and legumes are playing a big role in the shift 
to grassland farming .. . greater conservation 
of soil and water ... more efficient utilization 
Mo Ves Forwar of forage crops that have been developed for 
rich and succulent livestock feed as well as 
™ guardians of natural agricultural resources. Yet, 
these crops cannot make their full contribu- 
ane with Gr ass tion to better farming by lush growth and as a 
feed unless they are harvested fast at just the 
right stage for best nutrition and storage ... 
harvested at low cost to hold down ration ex- 
pense ... harvested with a mechanical ease that 
spares the operator’s strength and saves him 
time when labor is scarce. That’s why Case is 
keeping pace by building forage choppers to 


meet new and ever-changing forage-harvesting 
requirements, 
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America’s Lightest-Running Forage Chopper 


Case Forage Harvesters, reported by users as ““Today’s Lightest-Running Forage 
Choppers,” push down operating expenses by saving power with an efficient low- 
speed knife wheel . . . oil-bath gears . . . anti-friction bearings . . . and few moving 
parts. There are savings in investment, too . .. because the Case base machine... 
in both 4 and 6-knife cutting-wheel models . . . takes today’s widest choice of chop- 
ping attachments—regular row-crop, short-corn row-crop, corn harvester, windrow 
pick-up, draper-type cutter-bar or heavy-duty green-feeding cutter-bar. Then, 
there are substantial savings in time and labor, since one man removes or attaches 
quickly and easily any of the units . . . each rolling into place on the base machine 
or into storage on its own dolly. See your nearest Case dealer or write for loan of 
full-color, sound movie and take-home free booklets on “Chop the Crop” to 
J. I. Case Co., Racine, Wis. 
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Quick Diggers, all 
-and all use 
a = «©6BLOOD BROTHERS 
> UNIVERSAL JOINTS 
from the P.T.0. 


Yes, every one of these leading manu- 


; 

i 
ae 
% 

; 

4 


facturers of post hole diggers* specify 
dependable Blood Brothers Univer- 
sal Joints! 


And further, many feature the Blood 
Brothers name in their sales litera- 
ture... proof that “Blood Brothers 
Equipped” adds extra prestige, extra 
assurance of quality to the dealer and 
farmer. 


Be sure you enjoy the maximum 
sales appeal (and dependable per- 


formance) that ‘Blood Brothers al saat 


Winpower Mfg. Co. : 


Equipped” can give your implements 
—hole diggers or any other type. 


Write or phone for specific data. 


*Ideal for setting nursery stock, too! 
y 


FOR FARM IMPLEMENTS, MORE BLOOD 
BROTHERS UNIVERSAL JOINTS ARE USED 
THAN ALL OTHER MAKES COMBINED. 


— 


Duplex Mfg. Co. 


Alexander Mfg. Co. 


Bis AR hea 


also 
Victory 
Peanut 
Harvester 


Company 


» 


Paul S. Neal & Son Twin-Draulic, inc. 


BLOOD BROTHERS 
MACHINE DIVISION UNIVERSAL JOINTS 


Tha a a a a a a a a = -- AND DRIVE LINE 


ROCKWELL SPRING AND AXLE COMPANY 
ALLEGAN, MICHIGAN 
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Four Long Distance calls sold $1180 
worth of farm equipment for the 
Oregon Grange Wholesale, Portland. 
It also gave parts customers prompter 
service. All for a total of $4.60. 


These were the first calls made 
under a plan of following up parts 
orders received in the mail. Often 
filling of such orders had been de- 
layed by insufficient information, 
which took days to obtain. 


Now a call is placed to each cus- 
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Oregon Grange Wholesale reports: 
Farm Equipment Sales of $1180 
from %46° in Long Distance calls 


tomer. He is thanked for his order 
and advised when shipment will be 
made. Additional information is ob- 
tained quickly. And the salesman 
has an opportunity to sell companion 
items and additional merchandise 
when the customer is in a buying 
mood. 

You can put a similar plan into 
effect today. The only equipment 
required is the telephone on your 
desk. You, too, will find that Long 
Distance doesn’t cost—it pays. 


“eats us (ME = 


> aipheroaarnenegei 


bas 


‘ 


LONG DISTANCE RATES 
ARE LOW 


Here are some examples: 


Providence to New Haven.. .55¢ 
Cleveland to Pittsburgh... ..60¢ 
Cincinnati to Evansville. ....75¢ 
Des Moines to Minneapolis. . .85¢ 
Portiand, Ore. to 

Salt Lake City ..........$1.10 


These are the daytime Station-to-Station 
rates for the first three minutes. They do 
not include the federal excise tax. 


Call by Number. It’s Twice as Fast. 
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The important design features of Bower straight 
ee roller bearings shown on this page are just a few 
Ss of the reasons why these bearings will operate 
efficiently and economically in your product. Con- 


Here’s why BOWER straight 
roller bearings can carry maximum 
loads—with less maintenance! 


In fact, this is the reason why Bower straight roller 
bearings are used extensively by leading manu- 
facturers in such fields as automotive, earthmoving, 
farm equipment and machine tool. 


ts ae sider these facts, too. Bower straight roller bear- 
gees ings incorporate highest quality materials and 
ake workmanship. They have proved themselves capa- 
ble of standing up day in and day out maee 
maximum loads—with little or no maintenance. 


Let a Bower engineer give you full details of the 
complete Bower line. Call him in while your 
product is still in the blueprint stage. 


BOWER ROLLER BEARING COMPANY « DETROIT 14, MICHIGAN 


ORNL ES SSE SS ae 


ome 


TWO-LIP RACE INCREASES RIGIDITY. These two shoulders, 
made parallel, are integral with the outer race. This provides 
a more rigid, durable construction. Rollers are kept in 
proper alignment at all times. 


| 
COMPOSITE STEEL CAGE DOES NOT CONTACT ROLL- ; 
ERS DURING NORMAL OPERATION, thereby allowing free 
movement of the rollers between the races. Projections on 
the inner faces of the rings engage indentations on the roller 
ends prevent'ng the rollers from dropping out of position 
when the separable race is removed. 


PRECISION-BUILT ROLLERS AND RACES AR™ MADE TO 
SUPPORT MAXIMUM RADIAL LOADS. Only the highest 
r~ Ae steel-alloy is used, and rollers and races are precision 
y: ound to give quieter, smoother operation. Running clear- 
ance is built in at the time of manufacture. 


A COMPLETE LINE OF 
oe TAPERED, STRAIGHT AND 
ee JOURNAL ROLLER poresoss 
as BEARINGS FOR EVERY 

oe FIELD OF TRANSPORTATION 
AND INDUSTRY 
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your design 
a 


dependable 


At Clark you'll find America’s foremost engineering specialists 
in solving power transmission problems. Why not make use of 
them—and their years of experience—to make certain that your 
driving unit is right from the start! 


You’ll always find, whether your product is agricultural, 
industrial or heavy duty vehicle that IT’S GOOD BUSINESS 
TO DO BUSINESS WITH CLARK. 


CLARK EQUIPMENT COMPANY 
BUCHANAN, MICHIGAN 

Other Plants: Battle Creek + Jackson 

and Benton Harbor, Michigan 


* TRADEMARK OF THE CLARK EQUIPMENT COMPANY 
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Fruit growers employ revo 
new ‘Steel Squirrel” to save time, 
bor and crops 


Self-propelled elevating tower, developed by Blackwelder Mfg. Co., Rio Vista, Cal., 
mechanizes orchard care, assures maximum crop for market. 


Tt 


s 


Farmers, conscious of the high cost of producing 
marketable fruit, are turning to the “Squirrel” as 
the answer to the problem. 


The “Squirrel,” basically a mobile ladder, is de- 
signed to increase the productivity of the individual 
worker by eliminating all waste motion in tree work. 


Constructed with a triangular motorized frame, 
the “Steel Squirrel” is equipped with a cage in 
which the operator stands and works. From this 
vantage point the operator, using controls at his 
fingertips, can ride from tree to tree, elevate himself 
(up to 12 ft.) to within easy reach of his work, 
and change position at will to new areas of opera- 
tion. All this without once leaving the cage. 


In addition, the cage, called the “crow’s nest,” is 
equipped with an air outlet for attachment of 
standard compressed-air orchard tools. An air- 
compressor on the base below, powered by an air- 
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lutionary, 


cooled gasoline engine and driven by Dayton 
V-Belts, supplies all the air needed for pneumatic 
tools commonly used. 


Extremely economical to operate, the “Squirrel” 
will negotiate any type of terrain with complete 
safety to the operator. 


For pruning, thinning, spraying and wiring trees, 
the “Squirrel” is a real money-saver because it makes 
maximum use of every man-hour. The advantages 
in picking fruit are two-fold: First, orchard work 
can be done on time and at the right stage of 
maturity. Secondly, a light crop, or last portion of 
a crop which could not be picked economically by 
ladder workers, can be easily handled with the 
highly maneuverable “Squirrel.” 


This means more of your crop, at its peak of 
ripeness, is available for market at less cost in time 


and labor. 
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The Marbeet Harvester . . . 
another popular Blackwelder product 


Fully automatic, the Marbeet Harvester has 
gained remarkable acceptance with Sugar Beet 
farmers. Actual field tests have proved con- 
clusively that it harvests all the beets, large 
or small, and delivers them automatically to 
the pick-up truck or beet dump speedily and 
economically. 

V-Belts are used extensively to power this 
implement that digs, tops, cleans and loads 
beets with maximum efficiency, minimum 
labor. For assistance in solving your power 
transmission problems write direct to: Dayton 
Rubber Co., Agricultural O.E.M. Div., Dept. 
401, 1500 S. Western Ave., Chicago, IIl. 


Dayton Agricultural V-Belts 
for every application 


Multi-ply Dayton V-Belts are designed and 
constructed with great tensile strength, high 
flexibility and minimum stretch to provide 
maximum power for every implement drive. 
A Dayton Agricultural Engineer will be glad 
to discuss your needs upon request. 
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Dayton V-Belts power the versatile “Steel Squirrel” 


Dayton V-Belts transmit every ounce of power developed by the 
614 hp standard engine to propel the “Squirrel.” Dayton V-Belts 
also drive the air compressor supplying air to the pneumatic lift 
and for use by orchard tool attachments. After 5,000 hours of 
operation the “Squirrel” still carries a full work load and func- 
tions normally. 


©D.R. 1955 


Dayton hulber 
Stace 1905 


FIRST IN AGRICULTURAL V-BELTS 
Agricultural Sales Engineers in Chicago, Moline, New York, San Francisco, Atlanta and St. Louis 
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LaBelle 


prescription-made 
by steel specialists... 
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Burch Power Lift Flexi-disc on which Crucible 
LaBelle discs are standard equipment. 


It’s the steel in the disc you buy that counts most in its perform- 
ance. That’s why you can’t beat Crucible LaBelle discs—they’re 
made to just the proper toughness and hardness for top discing 
efficiency by steelmen who have specialized in fine steelmaking 
for over 50 years. 

LaBelle ground edges stay sharp longer—under any soil 
conditions. And the prescription-made steel used in their manu- 
facture gives maximum protection against failure in service. 
Wie rs On new equipment—or for replacements—choose Crucible 

gare LaBelle discs. They’re available for all makes of disc plows and 
harrows—all soil conditions. And for your free copy of the 
informative booklet “Soil Improvement with Crucible Agri- 
pa: cultural Steels,” write: Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 30, Pa. 


first name in special purpose steels 
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Look at that mud and dirt. It’s squeezed, packed and splat- 
tered all over those track rollers .. . fighting to get in and 
wreck the bearings. And the next job may find this track 
deep in water or slogging through sand and dust. But C/R 
Oil Seals are keeping those bearings safe as a baby in bed. 
Their ability to exclude foreign matter and retain lubricants 
under the most extreme heavy-duty conditions is a long 
established fact... proved by dependable performance. 
That’s why engineers consider C/R first source for help with 
tough bearing protection problems. They’ll cooperate on 
special designs or help you choose from 17 stock types in 
over 1800 sizes. 


More automobiles, farm equipment and industrial machines 


Write for your copy of ““C/R Perfect Oil Seals.” rely on C/R Oil Seals than on any similar sealing device. 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenve OIL SEAL DIVISION Chicago 22, Illinois 
IN CANADA: SUPER OIL SEAL MFG. CO., LTD., HAMILTON, ONTARIO 


Other €/R products 


SIRVENE: (Synthetic rubber) diaphragms, boots, gaskets and similar parts for critical operating conditions « Conpor: Controlled porosity 


mechanical leather packings and other sealing products « Sirvis: Mechanical leather boots, gaskets, packings and related products. 
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Caterpillar Tractor 


for more than 4 8 


For other leading manufacturers, too, 


Peoria Malleable castings add to over-all product 

quality. In many cases weldments have been 
replaced by better looking, longer lasting Peoria 
Malleable castings—at far less cost per unit. 
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How does this affect ag engineers? 


Lifting milk cans will soon be a disappearing job. 
Better methods are taking over. Handling milk in bulk 
tanks and pipe-line milkers saves time and effort... 
and it assures premium quality, sanitary milk with 
less waste. 


The design of this stainless equipment is a new 
challenge to ag engineers. And so is the develop- 
ment of better accessory equipment. If this new 
stainless equipment can do so much for the farmer, 
isn't there also a challenge to develop even better 
bulk tanks, milking machines, washing facilities and 
milk room equipment? 

Agricultural engineers working on these develop- 
ments deal with a material that is relatively new for 
farm use. Stainless steel has its own characteristics 
and qualities that must be known in design work. 


Armco’s long experience in manufacturing and 


fabricating stainless steel is available to ag engineers 
in any field. 


Send us the coupon below for further informa- 
tion on Armco Stainless Steels and bulk milk handling 
equipment. 


iki apr Ree: a tie 
| ARMCO STEEL CORPORATION | 
| 454-A Curtis Street, Middletown, Ohio | 
Please send me: 
| [_] Information on Armco Stainless Steels, | 
| [_] List of bulk milk tank manufacturers. | 
(_) List of pipe-line milker manufacturers. 7 
Name_ oe | 
| Address 
| City State a 

os 
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Find of the year for the engineer! 


HYATT BARREL BEARING! 


For a long time design engineers have been seeking 
the “‘ideal”’ self-aligning, dual-purpose bearing— 
able to handle loads from any direction even under 
conditions of misalignment. 


Now they’ve found it—the new Barrel Bearing perfected by 
HYATT after years of research. Its barrel-shaped rollers 
conform to curved raceways and automatically adjust for 
shaft misalignment without cramping roller ends. 

Its large areas of contact between rolling elements provide 
more capacity, longer life and less maintenance. 

All loads are concentrated at the largest diameter of 

the rollers—their strongest part. 


HYATT Barrel Bearings are ideal for a wide range of 
applications—at prices far lower than you’d expect. 

No wonder so many designers are so enthusiastic about 
the HYATT Barrel Bearing that does so many jobs better. 
If you have a bearing problem, this may be your answer. 
May we send you full details? Hyatt Bearings 

Division, General Motors Corp., Harrison, New Jersey. 
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MECHANICS Roller Bearing UNIVERSAL 
JOINTS excell for both main drives and 
controls — in all kinds of material handling 
trucks. Have transmission flanges for any 
type of brake drum. Easy to service — 
MECHANICS Close-Coupled UNIVERSAL 
JOINTS transmit more power — in less space 
— at greater angles than any other joints. 


Let MECHANICS engineers help give your 


machines competitive advantages. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner ¢ 2046 Harrison Ave., Rockford, Ill. 


H A “ I a S 


KR. ue 


NTS 


For Cars + Trucks + Tractors +» Farm Implements * Road Machinery «+ 


Aircraft + Tanks * Busses and Industrial Equipment 
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VEEDER-ROOT 
Counters! 


They’re easier to reset—easier to read 


we On a big baler, this small Veeder-Root Reset many different types of Veeder-Root Agri- 
Ratchet Counter is a “tremendous trifle”. It cultural Counters including direct-reading 
counts every bale bound. acreage counters for grain drills, spreaders 

Easier to reset and easier to read — in ad- and fertilizers — also counters for all types 
re dition it’s a direct-reading counter that adds oof tractors and implements — seeders, 
Se one for each oscillation of the lever through planters, combines and renovators. Write for 
Es an angle of 40°. And this is just one of the __ bulletin giving full facts and figures. 


VEEDER-ROOT INC. 
“The Name That Counts” 


on HARTFORD 2, CONNECTICUT 
Greenville, S.C. + Chicago 6, Ill. - New York 19, N. Y. - Dundee, Scotland + Montreal 2, Canada 
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NAME 
YOUR JOB... 


There is a Rex® Steel 
Detachable Chain and 


Attachment to do the job right! 


Chain Belt Company has a complete line of agricultural 
implement chain and attachments. General application selec- 
tion can be made economically from our standard line. If 
yours is a special problem where a standard attachment will 
not do the job, our Agricultural Implement Specialists will be 
glad to work with you on your chain problems. Their years 
of chain engineering experience are yours for the asking. 

Adequate stocks are maintained at factory points and 
warehouse locations. This ensures prompt shipment of the 
complete agricultural line...steel detachable chains, cast 
agricultural chains, and standard and double pitch roller 
chains. 

For additional information, write Chain Belt Company, 
4680 W. Greenfield Avenue, Milwaukee 1, Wisconsin. 


CHAIN secr 


comMPAN Y 


Milwaukee 1, Wisconsin 


A WORD ABOUT QUALITY 


Quality control at Chain Belt Company is a continuing 
program. It assures uniform performance and long service 
life for all Rex Products. 
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Spectacular mobile ditching 
machine relies on MORSE 
power transmission products 


The amazing Earthripper—a one- 
man-operated machine which digs 
ditches from any angle, and at any 
angle up to 15° off vertical. The boom 
has a 90° arc, which allows the ma- 
chine to dig vertically while on a slope. 
It permits a full-depth ditch while op- 


erating next to a curb or street. 


Cutting clean and true, it virtually 
eliminates all hand digging. With the 
unusual teeth formation of the bucket 
line, it cuts through soil like a chain 
saw cuts through timber. It literally 
shaves off the sides of the wall, 
permitting easier cutting action in 


products for mechanical power trans- 
mission. Each machine relies on Morse 
Roller Chain in three sizes, 16 Roller 
Chain sprockets, a complete HY-VO 


Drive and a Torque Limiter. 


Your product? Morse offers a com- 
plete line of power transmission equip- 
ment (see below), with a type and a 
size to fit almost every need. And 
Morse produces a line of precision 
products noted for long service life, 
trouble-free service, less maintenance 
downtime and low operating costs. 


Why not write, today, for more in- 


The Earthripper is shown here after the ma- 
chine has been lowered hydraulically from 
the truck body into ditching position. 


The complete unit rests firmly on the truck 
body, allowing for easy transportation. 


need of engineering service to help 
solve some of your transmission prob- 
lems, we'll see to it that you get skilled 
help which you can use. 


Morse Chain Company 
7601 Central Avenue 
Detroit 10, Michigan 


: ; .. MECHANICAL 
extremely hard formations. formation on how Morse can serve owen TRANSMISSION 
The Earthripper uses only Morse your product needs. Should you be in PRODUCTS 
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The Grassland Drill 
Helps Mine the “Green Gold” 


@ John Deere engineers have been deeply conscious of the need of farmers for special- 
ized equipment to help them realize the greatest benefits from grass. A typical result of 
their efforts is the John Deere Grassland Drill which already is giving farmers and 
ranchers everywhere greater access to this “green gold” by making it possible to reseed 
and fertilize pastures and rangeland where seedbed preparation is impossible or imprac- 
tical. The farmer benefits through longer grass periods for his livestock, the improved 
health of the animals, and better quality animal products. Better use is made of expen- 
sive fertilizer, resulting in greater plant population with less seed. 


The grassland drill is one of the many John Deere machines designed to help farmers 
throughout the world to mine the wealth of “green gold.” 


oy JOHN DEERE: tuinors 


EQUIPMENT. 


iia. PF: i SAS ES jee Ea. he vty & . 4 F 
em ¢ 
[ie 
eS ele ‘ 
EB eae 
RE 5 e 
aye ‘we re iittala —— i 
Se: } : 
‘ oe eat a 
Bae xe ‘ ¥ 
eee : 
Aero, { % ‘ 
hs eae 4 
SL: aa | ; j ) t 
ts : ] ; 
See. ‘ite ‘ _— | ‘ ‘ ; : 
Se ae —_  ——— — a : : 
ee, a % pew 8 es ‘ : pie, 
a en nee i et ms a amen ee ee “ . ; . 
ate "tims. Sheed negli james <i me PETS beacit f ~~ ‘ ' ‘ ; : e . 
ie 4 i ree ea . aba! es eee. Jolin Sua aig Bes : . ~ a > sii ” a8 pete cs, = Pee 
fae i cl NE * Digi” ay, ae : ; : . 
ee ee eee -—" >. a 5, lading taal 4 me eee, tN ae a ; 
Eee od are * pe ee 2. aii ere = Pe oka sy Sere eee * +. eee Sa . P 2 
pte, oy ae ee oe ae ee Se sit spate ce  . i 4 if ; > . ; 
if a eee. ee ‘Gai m eho. a 
a are em ck Gay | ee ee ey aaa i? . oe P (Ce te i a ee = ENT 
ae ceri a 9 6 ee ae ~~ ie gee ies ee . ’ ee Woe ae Se ee 5 Se 
Opies) ia 3 -—_ ee m Pee! a) * iti posi c 15 oat OS > Sed 7 * ae Z 
a oe ae een Sse en, SN a ae ie) eee Ce a ee ee ¢ 
Sian”, oe rs ee a. ee) | : pig. 7 ye ee ee aa : i 
OR ash > ee ee Oy ati in ieee ; a 2 ee ee Chali 
nT oe i ee eae ' B. ene eee” i in Mee ss eo eget ae Qe = 
Pe eet : Sea a ee. Bee] gy te Se eM ie hg ke ae wee , 
ey a "ig Back iar ae . ee ee ee = aa i ae ge cad hs § Mh a ser t : 
Be (eae a 2 ras 5G Lo NS a a eet ee - atin” Gh oes aS ae Ss Ng ; 
eh ye oe yr Ze. fa | Bae ee a ho ae? * 
mee ok “a ee ;, sae ae * rs ae ee. oh eo ze yp nbeeenestinincatniion riers. an eee Pers ge * F 
Be oer: i +» eS 1 if Ne pO y PN sa crane a eR ade emai ce sce ee _— Oe 
ee ad Peet aes 4 iz ( “s 3. i a ? Pat Tey JOHN = , SSR ee lig. pa . 
pts eS ae bs of ON Bee fp See ied _ DEERE - eee SC ute 
ae ep ae >» eae ae ANY + MSA Fpireite leneabitiaipbetinsbti so. Z i x ; ee ses ot 
Brenrs: 1 <a te ee eine Ba reat. ae ea Fe age A eon ly eta aie age ee a aie ee 
a ee a a ie i. Ue ee ee Oe Aan a  ? ae ye 
Wat, gah ° ani % , eo ‘ cg es oe Sag a ihe ee ee Res. eee * ee ol hi a et laa oe v el - ea et 
oe 3 eke owe i ee ® 2 : tS A : ‘Es ; Sa ‘i 3 hie ie ae * i sae eet 2 : Wi A 
ed API nn : pas Pe: =. 5 Sigal | Sate Sila omni iN armas fea pS eS ae . 
cea Se gh? a a ie Bi ee +a ata, fo RS de ey, ea fm ml ye ’ eget 
i Pi eee t ound } - ~ Pp af er) oe ees a + a oe ta a eee) Ft ee ‘ S ¥ Fe 
eat Sa ‘ : er ei . et 9: ee ss eg wee  >\ ee Le 4) FS : 
“ees ade Bas 3 FF ae 3 Pe a 1 Weal 3: =e Beale ee Gea GME ES uti tae BS a ae i | 
et tan ote ee nee i. f a % at DF is. oe \ <a ae ae “i up Electra io iain tac oe San > 4 ete Sl ; 
mete, | yt 4 ore, i ae me ae ee eee oe i SU pf Vanes ee ee ts Sah; *Y = “a ae ; : ‘ 
ese : OSes. $4 all Bes 3 a 4 ae iis. no bad eee eica i a hee arent : : ba A 
Da ee ws ; é i... By: Waa we cS 2? oe . eee ieee OMe | Es t ate zy Ph ate bs. 
eames Mee ft +0; fe a *. pe BS 2 Yh a By tr i a ee ee a = Be oy . 
Cee wee ae en ee . — es : Teo Pc wy ae es att Pon Wek ey 
 a- eo i. ee eee aoc 8) ah el Laan Ved. Ve 
en 28 en ae fect ‘ —— Seleteddiileres ercdineaiciee tt. (ae a 
Seis oe 7 Sty, Patieks” eal rs Rees Pee Baicus oie - ag a Ce op renee th 4 
i le rae tos? rane + ees ay : Eg ge On nents 5) | Aen ete! 1s, is ; 
bite ae . <a eR 2 Rar ** 5 Nn) + ona. 5 Ser Sete Sa ect: | ROA oo. ce nn g 
ko i “e : i ae E ae tae Jy 3 ae of” Gray ee _s ee | “Be yd ‘3 ae 13) . i a aN “4 & tes: e' 3 : " 
ca wT a” EE ee eo oe ee RET a eS ed Sa ay Jie 
ans ea, pS agate or eee Ul! aan) oe me f : = 2: 9 Soa * ae a see ee 8 a ; 
ei: a 9 ahd eS ae 2 : fashion . D ae eet 7H a i eee ah it Qe a a 
ia a peas DES sa | Ee ee sy alle ee Seg (pe AE. ae ea te Bere iM * ae S : ‘ ” 
tot ata ae - * ees fe re ws baht ee erg, " ital [oe a) See ie ae ee oP rrr eek Le oe Beh es Hy 2th Oost - q "| j 
Pare } hy ae eae gms cite nee ae? ee Nt ae Pie i. % Se an 1 Wee as eee eee - : ch 
> ae pete - nee a Bee as neo eet Be IT age ttt, OO ee ee ae ae ee ee ‘eet, a. ¥ 4 a. a <* ‘ oe) 
oa Z eS. ae ee eh PRR a ee ee a weak ‘i, es Oe cogiae 7 5 a hee : mee: '. : ttn the es 
ren qn I” oo og ee en tae se Pa eee career er. as ake mae SE RI Eh RR og ET ee eg Y 
shy Dae : arg Pe. ok Ne eX Sere re Ee. ee TE, oad Le a ile at ae EO ga Sa / << 
ae Maite as a aa al sl oe pie’ cae Ng ERE IR Pg ey Reet 2 6: B NE AE le gg te RO 
ot os Pe ee |. ory pC ae PSS is a A eee et oY eee a nya bg : ein i te ye 
Bee ht ee, ae Te i re a teil oP pe Sn gd SG laa Re ae ees mes ee o% 8 Po ht eee Sy 4 ee i ee & ee Rs ‘a y# i 
ee a eae ote 22S: Se Rs are ee Be OE cae Se de a he wee ‘ It a Pom é ‘tes, one Pa a 
oat: | Cy We BF ots madd ee ‘i eee Af ier Re go ae ate meet ae eS a a RMS ‘ 
Pe ones) Oty ee io tay | iis Mat ee nM IE ee SC eet a © ae % ee, ee WS 2 P hag ts: 
te ae et ge ee rae a! mee fe ee aan ee eg og aa ed gts , : : : 
o mf i ee haga ote se lila a i: A orgs eis een ae ee LF Mee ae. | Lee =—4 ee Me eee ' 
Fe b ae : 
ae 
Bet. ; 4 
OP eit le H 
Rie 
met Sars. : 
ett ipa if 
er 
ae ‘ 
re] of i 
a a 
ge 
4 a a 
hee = Ae at ; 
i, me i ; 
Coe a 
pod 4 ab 4 
Ne alae 
ice 
aed / 
yey. ee 
Sf ew 
Page 
Bas BR 
= rr 
= Tigao 
a 
a 
or an 
ieee q 
MS ie 4 q 
ier oie,” } 
yer oe : “4 
ha 
Gerd ae y 
ake a 
el 
eS oe 
ig ee , 
Sie a 
a 
tee, 
ae ae 
Sep: ; 
a: 
oo ' so8N DEERE 
aah a 
Sag . - 
Lae ' 
Tiga ie : 
ee 
= QG@SLIiTY FARM SR ESERERT eee 837 
: , 
Eo Bt " P . 
oa 1955 * February * Agricultural Engineering 73 
Dae 
ama 
: 
er et 
as 
a ie : 
eA a 
Bike i 
‘eee . 
sa ca alld a. att tes eg rea eee nT Bee ; 4 te 
; ee ona. eee SG LER en Eyre? een Li ig Fe : : 
. Sy Geta Pere eh Js Ae Ce a oD meena. : Ps | ‘ ‘ 
—_— ae ee ae a ee eee a: Soe aemmaaars A et ; . j 1 : 


AUTO-LITE TRANSPORT SPARK PLUGS 


Farmers get top performance from their trucks, tractors and heavy-duty 
equipment with this new plug because: 


EXTRA-BIG ELECTRODES— give extra miles of long, depend- 
able service without constant regapping and cleaning. 


RUGGED CONSTRUCTION—helps withstand the heavy 
shocks and abuses from the most severe farm operation. 


AIRCRAFT TYPE INSULATION—the finest material ever 
developed—resists high temperatures—plugs stay clean even 
under idling or other “cold engine” conditions. 


WIDEST HEAT RANGE—assures peak efficiency through 
widest range of operating conditions from heavy pull to light 
idling. 


Original factory equipment on many leading makes of trucks and tractors. 
Remember, Auto-Lite is a complete spark plug line, with standard, transport 
and resistor types for all service conditions. 


ae 
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AUTO-LITE ‘“‘STA-FUL”’ 
BATTERY FOR TRACTORS 


Now available! A newly designed “Sta- 
ful” Battery especially built for tractors, 
light trucks and other off-the-road 


machinery. Auto-Lite “Sta-ful” needs AUTO-LITE WIRE AND CABLE 
= water only 3 as often in normal tractor 
use. New rugged case withstands heavy Auto-Lite is a complete line—featuring sensa- 
Siege shocks . . . Fibre-glass insulation gives tional new Neosheath Spark Plug Wire Sets that 
cee longer life . . . extra liquid reserve keep plugs dry, famous Flextrand Primary Wire 
tet protects battery plates to save cus- that is easier to install, Auto-Lite Battery Cable 
ty AG tomers time and worry. Auto-Lite is a with the new anti-corrode Power-Line Terminal. 
er complete battery line—specified as Auto-Lite Cable Products are original factory 
ie Sat original equipment for many leading equipment on leading makes of tractors, trucks 
a makes of cars, trucks, and tractors. and farm equipment. 
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AUTO-LITE 
ELECTRICAL SYSTEMS 


Coils, distributors, generators, 
starting motors, voltage regu- 
lators, and all other important 
parts of the electrical system 
are engineered by Auto-Lite 
to fit together and work to- 
gether as a perfect team. 
Quality tested for unfailing 
dependability. Original fac- 
tory equipment on many makes 
of cars, trucks and tractors. 


ici 


ELL the brand that farmers know .. . sell Auto-Lite. 
Millions of Auto-Lite original factory-equipped cars, 
trucks and tractors are impressive proof of the quality 
and dependability of Auto-Lite electrical equipment. 
Today, Auto-Lite is the world’s largest independent manu- 
facturer of automotive electrical equipment. Look at the 
famous names of farm equipment manufacturers at the 
right who use one or more Auto-Lite products . . . and 
you'll know why “‘You’re always right with Auto-Lite.” 


THE ELECTRIC AUTO-LITE COMPANY 


Toledo 1, Ohio Toronto, Ontario 
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ONE OR MORE AUTO-LITE 
ELECTRICAL UNITS ARE USED 
ON FARM EQUIPMENT 
MANUFACTURED BY 


Allis-Chalmers 
Earthmaster 
Centaur 


International 
Harvester 


Massey-Harris 


American Terratrac 
John Deere 
Gleaner 


Food Machinery 
Corporation 


Harris 

Willys 
Cockshutt 

Long 

Fate Root Heath 
Sheppard 
Custom 

Oliver 

J. 1. Case 
Intercontinental 
Love 
Minneapolis-Moline 


Ferguson 
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AVIATION CORPORATION 


arm Tractor Brakes 
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the best solution to every 
Braking Problem 
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Automobile manufacturers, as well as truck and bus builders, 
have long recognized Bendix as braking headquarters 

for their industries. And today progressive tractor 
manufacturers are turning in increasing numbers to Bendix 
for the best solution to their individual braking problems. 


There is good reason for this growing preference for Bendix* 
Tractor Brakes. Nowhere else can be found comparable 
manufacturing facilities combined with an engineering 
experience that cover every major braking 


development in the past quarter of a century. 


; Te Why not let Bendix farm tractor brake engineers 
< ‘ 7: help you find the best solution 
™ ta ” 
e;. to your braking problems. 
: Bs. Your inquiry will receive prompt attention. 
Sai a. Write for complete information. 
toe 5 Fa » *REG. U.S. PAT. OFF. 
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ee BENDIX. 77°: -SOUTH BEND 


|) . a EXPORT SALES 
; 1 .* a Bendix International Division, 205 East 42nd St., New 
1" i sa York 17, N.Y. ¢ Canadian Sales: Bendix-Eclipse of 


Canada, Ltd., Windsor, Ontario, Canada. 


The Bendix heavy-duty farm 
_ tractor brake has powerful and ‘ 
Ne eer - pesitive holding action in beth 3 
dS ' ; forward ond reverse. Rugged 7 
ay 4, >> design esseres uniform perform: 
ia ance doy ofter day, under the : 
mest severe field and rood work, 
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Massey-Harris Self-Propelled Grain Combine moves BCA tightener pulley bearings used in the design of the Massey-Harris 


into action. Close-up of tightener pulley shows how Self-Propelled Combine provide outstanding benefits for the manu- 
BCA package unit ball bearings are incorporated 


in design. Bearings are effectively sealed and pre- 
lubricated to ease farmers’ field servicing chores. 


facturer and farmer alike. The efficient, low-cost package unit of 
pulley and bearing simplifies and speeds up assembly for the manu- 
facturer. The pre-lubricated bearing is effectively sealed against grit 
and dust, eliminating extensive field servicing chores for the busy farmer. 


Massey-Harris-Ferguson, Ltd., like many other big farm implement 
manufacturers, rely on BCA for ball bearing dependability. BCA Idler 
Pulley Assemblies find application in numerous farm equipment: 
combines, hay balers, forage harvesters, grain elevators, corn and 
cotton pickers, spreaders. Sheave design can be varied for use with 
flat belts, V-belts, or chains. If you have a bearing problem, BCA 
engineering cooperation and design assistance will provide the 


right solution. , tk 


Ss MPANY OF AME R | 

WEES EEE TBR Wee 
DIVISION OF FEDERAL-MOGUL CORPORATION 
LANCASTER ¢ PENNSYLVANIA 


Pioneers of pre-lubricated package unit ball bearings for agriculture 
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FOR IMPROVED 
EQUIPMENT DESIGN 
AND PERFORMANCE 


9 


with “More Use per Dollar 


Look for a rubber manufacturer 
with the technology and produc- 
tion experience to design and 
manufacture the proper belt for 
your equipment needs. Select a 
company whose engineers will 
work side by side with your own 
engineers on the problems of new 
or improved design. 


The operation of its belted drives 
can determine the efficient per- 
formance of a farm machine... 
and the reputation of its manu- 
facturer. Make certain the belting 
you buy has the engineered fea- 
tures of strength, flexibility and 
long-life that will enable your 
equipment to perform at top effi- 
ciency under all operating condi- 
tions .. . and in all kinds of 
weather. Only when you buy from 
a company that has earned the 
confidence of other leading Farm 
Equipment Manufacturers can 
you be confident of getting a 
power transmission drive design 
as nearly foolproof as it is possible 
to make for your particular equip- 
ment requirements. 


Specify the Agricultural Belts 
backed by years of research and 
development in the field of agri- 
cultural rubber products... 
Manhattan Agricultural Belts. 


Fiat Belts V-Belts 
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MANHATTAN 


RAYBESTOS- 
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MANHATTAN AGRICULTURAL BELTS 


Manhattan belting engineers 
draw on more than 60 years 
of rubber technology and experi- 
ence to work with the farm equip- 
ment manufacturer in designing 
dependable, trouble-free power 
transmission drives. Made for all 
power applications, Manhattan 
Agricultural V-Belts, Condor 
Whipcord Endless Belts and 
Poly-V Drives meet the most rigid 
requirements for modern farm 


RUBBER 


i 


Conveyor Belts Hose 


DIVISION — PASSAIC, NEW 


MANHATTAN, 


Roll Covering 


equipment. That’s why so much 
agricultural equipment business 
goes to Manhattan. 


R/M engineers are always ready 
to discuss your belting problems 
with your engineering depart- 
ment. Let R/M show you why 
Manhattan Agricultural Belts are 
the most reliable made today . 

how they add “More Use per Dol- 
lar” to the equipment they run. 


RM-514 


JERSEY 


INC. 


Tank Lining Abrasive Wheels 


Other R/M products include: industrial Rubber « Fan Belts » Radiator Hose * Brake Linings + Brake Blocks * Clutch Fatings 
— —_ * roe . ete ce James. — a _— srodocs ‘ — — 
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‘‘Here’s where the TORRINGTON NEEDLE BEARING 
gets its high load capacity”’ 


The radial load capacity of an anti- 
friction bearing depends, in the final 
analysis, on the number of lines or 
points of contact made by the bearing 
surfaces in the load zone. This is where 
the Torrington Needle Bearing really 
shines. 

With its full complement of pre- 
cision-ground rollers, the Needle Bear- 
ing gives many more lines of contact 
than other types of anti-friction bear- 
ings. Thus for a given size, the Needle 
Bearing has a greater radial load capac- 
ity than other bearings. 

What does this do for your product? 
The Needle Bearing can give you the 


benefits of its high-capacity perform- 
ance for little more than the cost of a 
plain bearing; it can help you reduce 
the size and weight of surrounding 
members without sacrificing shaft 
strength, thickness or rigidity. 


For twenty years, our Engineering 
Department has helped designers and 
manufacturers throughout industry to 
adapt the unique advantages of the 
Needle Bearing to their products. Let 
us help you make the Needle Bearing 
“standard equipment” in yours. 


THE TORRINGTON COMPANY 
Torrington, Conn. +« South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON 


Needle + Spherical Roller « Tapered Roller + Cylindrical Roller + Ball » Needle Rollers 


1955 * February * Agricultural Engineering 
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These features make 
the TORRINGTON 
NEEDLE BEARING wnique 


e low coefficient of starting and 
running friction 


¢ full complement of rollers 

e unequalled radial load 
capacity 

@ low unit cost 

e long service life 

© compactness and light weight 


eruns directly on hardened 
shafts 


© permits use of larger and 
stiffer shafts 
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NEW! MOST POWERFUL FORD TRACTOR EVER! 


For the first time in Ford Tractor history, there’s a selection 
of Ford Tractor power sizes and models. Now, there are five new 
models in two power sizes. 


For power that does more, it’s the 800 Series Fords; they have 
full 3-plow power—30% more than any previous Ford Tractor! 
They have a new 5-speed transmission to give you a wider 
range of operating speeds. One of these 800’s has a new live power 
take-off. It’s operated from the regular clutch pedal. No grabbing 
for extra levers! 


There’s new Tailored Traction, too. As always on a Ford, trac- 
tion increases automatically on heavy pulls. In addition, new 
easy-on, easy-off wheel weights (sold separately) give still more 
traction for extra-heavy pulls. 


Since you’re interested in the latest farming methods, you'll 
want to see what really modern tractor power can be. So, visit 
your Ford Tractor and Implement Dealer and see the new Ford 
Tractors soon. Tractor and Implement Division, Ford Motor 
Company, Birmingham, Michigan. 


GETS MORE DONE... AT LOWER COST 


800 SERIES. 
Full 3-Plow Power— 
“Watch the Work Fly!” 


Available in three models. Two 
have new 5-speed transmission. 
One equipped with the new, live 
PTO. Headlights and tail light are 
standard—and dozens of other 
features you expect from Ford. 
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See why LINK-BELT Augers 
assure top performance 


| 
|, 


ONE-PIECE HELICOID FLIGHTING 


has greater smoothness and 
strength. Link-Belt also builds 
many different shapes in various 
metals to meet your special needs 
—cut flight, short pitch, ribbon 
flight, tapering, double flight to 
name a few. 


e aD aes 
UNIFORM PITCH. Specialized mod- 
ern machinery assures accurate 
forming, producing uniform 
flighting curvature. 

= 


ALL COMPONENTS needed can be 


supplied by Link-Belt, specially en- 
CULT SPECIE SETTER STES = EP STRAIGNTINSS is checked befoce gineered for your requirements. This 
ae ee shipping assemblies. Extra care is includes troughs, spouts, hangers, 
inspections—assuring smooth 


flight surfaces. taken in handling and loading. drives. 


f , ~ * 


Ave AAA A 


Helicoid flight 


Unmounted Helicoid flighting 


TYPICAL EXAMPLES OF LINK-BELT AUGERS 


Helicoid flight with Opposed flights with 
end, plain beater center saw-tooth beater 


These are only a few of the many important 
differences in farm machine augers. Ask 
your Link-Belt sales representative 

for 92-page Data Book 2289 FARM MACHINE AUGERS 13,305 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal 
Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. 
Representatives Throughout the World. 
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THESE REMOTE CONTROLS 
WILL DO THEIR JOB UNFAILINGLY, 


UNDER THE TOUGHEST OPERATING CONDITIONS 


Your customers will like them 
and service will be at a minimum 


Engineers for 30 leading manufac- ~ 


turers told us why their equipment 
performs better for users with 
TRU-LAY PUSH-PULL REMOTE CONTROLS. 

These engineers have adopted 
TRU-LAY PUSH-PULLS on a wide 
range of equipment for the Remote 
Control of Transmissions, Hydrau- 
licand Air Valves, Brakes, Clutches, 
Throttles, Chokes, Governors, 
Power Take-Offs, Feed and De- 
livery Conveyors and other ap- 
plications. 

The net of what these engineers 
had to say collectively was this: 
These FLEXIBLE PUSH-PULLS make 
possible More Efficient Design ... 
Dependable Operation of controls 
under the most adverse conditions 
(Hot as jet engines—Cold to —70° 
F.—Soakin’ Wet—Abrasive —or 
just plain Tough) ... Accurate, 
precise control... virtual Elimi- 
nation of Maintenance. 

LONG LIFE is a matter of record. 
We have never heard of a TRU-LAY 
FLEXIBLE PUSH- PULL CONTROL 
wearing out in 
normal service. 


to give you 
this simple and 
effective assembly 


“SOLID as a rod but | 
FLEXIBLE as a wire | 
rope” is a good de- 
scription of TRU-LAY 
PUSH-PULLCONTROLS. 
This flexibility pro- 
vides positive re- 
mote-action whether 
anchorages are fixed 
or movable... it | 
damps out noise 
and vibration, and 
greatly simplifies 


WRITE for a copy, 


Failures, that sometimes harass 
users of more complex controls, are 
eliminated by the use of these sim- 
ple, positive-action controls. 


FREEDOM FROM TROUBLE is as- 
sured because of such features as 

. full protection of the inner, 
working member by the tough 
flexible conduit ... lubrication of 
the inner, working member for life 
during assembly ...seals that 
keep moisture, dust and other 
foreign matter out of the unit... 
cold swaging of fittings that makes 
them integral parts of the con- 
trol unit. 


ACCURACY is inherent in the basic 
design of these TRU-LAY PUSH-PULL 
REMOTE CONTROLS. They are pre- 
cision products, not gadgets. They 
are effective over long or short dis- 
tances... for light loads or loads 
up to 1,000 lbs., and these units 
are frequently and successfully 
used in conjunction with J 
Hydraulic, Air and Electric 
Controls. 


... rather than this 


complex (and expen- 
"e sive) series of linkages i 


acne De i 


installation of controls by reducing the number of working 
parts and by making it possible to snake around obstructions. 


Whether your interest is in a single application of 
this versatile and dependable PUSH-PULL, or in its 
inclusion as a component of the product you man- 
ufacture, the six bulletins and booklets in this pata 
File will answer your further questions. They will 
also provide you with the means of defining to us 
the application you may be interested in. 


without obligation 


= ‘AUTOMOTIVE. E and AIRCRAFT DIVISION — 
“AMERICAN CHAIN & CABLE 


° 601-B Stephenson Bidg., Detroit 2 
wa 2216-B South Garfield Ave., Los Angeles 22 © 929B Connecticut Ave., Bridgeport 2, Conn. 


Users Report Important 
Savings, Improved Design 
and Better Appearance 
with TRU-LAY Push-Pulls 


Here are typical benefits reported by 
users of these accurate and dependable 
Remote Controls. 


Governor 


| “For several models of farm tractors, 


we selected your controls for their sim- 
plicity and neatness of application as 
governor controls.”’ 


Transmissions— 
Clutches— Brakes 


“Greater flexibility of design. For re- 
mote control of transmissions, clutches 
and brakes these Flexible Push-Pulls 
can be installed where straight rods are 
impossible.”’ 


Power Take-Off— 
Brake—Clutch 
“Easier and less expensive to install 


than linkages for remote control of 
power take-off, brake and clutch. Bet- 


_ ter appearance, too.”’ 


Hydraulic Control Valve 


“The principal advantage in the use of 
the Tru-Lay cables in our application is 
that of permitting a more flexible loca- 
tion of the control valve in relation to 
the operator’s position.”’ 


Engines— Conveyors 


_ “The use of your Flexible Push-Pulls 


saves us a great deal of time, labor and 
material. The old linkages frequently 


| required much planning in both engi- 


neering and shop which is not required 
now. On some of our equipment we use 
Push-Pulls from 10 to 30 feet in length. 
They operate clutch controls on the 
Main Power Unit, Feed Conveyors and 
Delivery Conveyors.’’ 


Wide Range of Application 


Adaptability to all sorts of mechanical 
situations explains, in large measure, 
the widespread application of TRU-LAY 


| PUSH-PULLS. Standard anchorages, fit- 
| tings and heads have been designed that 
| meet requirements on approximately 


80% of the installations. Simple modi- 
fications of these standards, or minor 
changes in your own design, cover al- 
most every special situation. Our engi- 
neers have the know-how on such mat- 
ters. See our catalog in Sweet’s Design 
File, write us for the DATA Fie described 
at the left, or ask to have a sales engi- 
neer call. 
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“My Stainless Steel 
bulk tank will pay for 


itself in 3 years” 


XM — says Dairyman Robert S. Pike 
>. Cornish, Me. 


mn 


URRENTLY milking a herd of 85 

registered Jerseys, Mr. Pike has 
been using the bulk milk handling 
system since June 1, 1954. His 600- 
gallon Stainless Steel farm tank has 
already made possible an impressive 
list of savings. 


No more men are required to handle 
the herd which has more than 
doubled since can-handling days. 


4. Butterfat count has improved one to 
two points. 


These are the dollars-and-cents 
savings that Mr. Pike feels will make 
the Stainless tank pay for itself in 3 
years. But don’t overlook such other 
benefits as reduced bacteria count 


and the elimination of hard, physical 
3. Cleaning up takes only 15 minutes. labor. 


1. Hauling charges have been reduced 
5 cents per cwt. 


2. Losses through stickage and spillage 
have been eliminated. 


= + iia 


UNITED STATES STEEL CORPORATION, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION, CLEVELAND [~~~ ~~"~~~~— 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO * NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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Agricultural Extension Section 
United States Steel Corporation, Room 4637 
525 William Penn Place, Pittsburgh 30, Pa. 


Please send me the free booklet on bulk milk handling 


— USs STAINLESS STEEL; “"" 

‘ 

; Name...... 

' SHEETS - STRIP - PLATES PIPE - TUBES - WIRE J ae 
| BARS - BILLETS SPECIAL SECTIONS County..... 

i 


Milk from Mr. Pike's herd is piped directly 
into this 600-gallon Stainless Steel bulk 
tank from which it is picked up every other 
day. At peak periods the pick-up averages 


550 gallons. 


Because of its economies, bulk 
milk handling with Stainless Steel 
farm tanks is one of the fastest grow- 
ing trends in dairying today. It’s an 
idea you’ll want to be able to discuss 
with farmers in your area who are 
hearing about it. 

For more information, mail the 
coupon below. United States Steel— 
as the producer of USS Stainless 
Steel from which bulk tanks are fab- 
ricated—has prepared a special book- 
let on bulk handling of milk. It’s 
yours without obligation. 
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How IH engineers 


widened the scope of en 


hydraulic implement 


control with 


NEW FARMALL’ 
HYDRA-TOUCH! 


Farmall Hydra-Touch hydraulic system increases the 
operating ease and efficiency of equipment for the new 
three-plow Farmall 300 and the new four-plow Farmall 
400. Shown are the control levers for the three-valve 
system. Levers are moved to “‘raise’’ or ‘“‘lower’’, then 
automatically return to neutral when implement 
reaches selected position. 


Principal elements of the new Farmall Hydra-Touch 
system: (A) Engine-driven, gear-type pump. (B) Steel 
suction and pressure tubing. (C) Big oil reservoir. 
(D) Control valves—one, two or three may be used. 
(E) Control levers. (F) Rear junction block with self- 
sealing couplings. (G) Right junction box. (H) Left 
junction box. (I) Regulator and main safety valves. 


The new Farmall Hydra-Touch system provides 
almost unlimited application of hydraulic power to 
the control of farm implements and machines, both 
tractor-mounted and trailing. This widened range 
of usefulness is made possible by an entirely new 
type of control valve, developed through the team- 
work of IH product design and manufacturing 
engineers. 

The new Hydra-Touch control valve permits the 


use of either single or double-acting cylinders. 
With the latter, implements are power-lowered, as 
well as raised, or can be “‘nudged”’ to vary working 
position with hairline accuracy. Down pressure can 
be applied. The valves also can be set to provide 
implement “‘float’’. 

Practically any desired degree of control is easily 
obtained. Up to three control valves may be used 


and roving cylinders may be applied as required 
for either unit implement control, or control of 
sub-units. Cultivators, for example, may be 
equipped for delayed, selective, and/or unison 
gang control. Draft point of McCormick Fast- 
Hitch plows and other implements are hydrauli- 
cally controlled, resulting in highest quality of 
work with minimum draft. 


For complete details showing why new Farmall Hydra-Touch allows hydraulic 
power to be more flexible than on any other three-plow or larger tractors, write 


a) for free catalogs on New Farmall 300 and Farmall 400 tractors. 
INTERNATIONAL HARVESTER 


International Harvester products pay for themselves in use—McCormick Farm Equipment and Farmall Tractors... 
Motor Trucks ... Crawler Tractors and Power Units ... Refrigerators and Freezers— General Office, Chicago ], Ill. 
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things that haven't been done before. Taken in isola- 

tion, this definition needs little explanation, but when 
examined in relation to the variety of conflicting interests 
found in any large firm building farm implements, it leads 
to a wide variety of interpretations, all of which must be 
taken into account in establishing a practical working policy. 
Thus, as a device for further explaining advanced engineer- 
ing, it might be useful to note the areas of contrasting 
opinion rather than points on which all groups are likely to 
take the same position. 

The area which is of greatest concern to engineers is 
the need to distinguish between advanced engineering and 
product engineering. Here the opinions range from those 
who hold that, if product engineering does its job well, 
there is no excuse for advanced engineering, to those who 
hold that all new designs should originate in the advanced 
engineering department. The only difference between these 
extreme positions is that one is an inversion of the other. 
Both are actually saying that engineers are proud and that 
each group fears that all of the creative work will be done 
in either one group or the other. Thus the resolution of 
this problem is to be both honest and convincing in making 
a distinction which marks out an exclusive realm of creative 
activity for each group. This can be done by going back to 
the opening definition and modifying it to charge the ad- 
vanced engineering department with the responsibility for 
employing new principles of operation or construction in 
their designs. There is thus ample room for creative work 
in devising fresh combinations of proven principles, as in 
making a new green cut attachment for a forage harvester, 
but the determination of a new scheme for picking cotton is 
peculiarly advanced engineering. A simple test of the valid- 
ity of this distinction is to attempt an estimate of the time 
required to execute each program. If the time element is 
indeterminate because of a search which has to be made, the 
problem belongs in advanced engineering. 


Ti simple object of advanced engineering is to do 


It is clear, even to the casual observer, that there are 
projects in the advanced engineering department which do 
not fit the distinction just made. This comes about because 
engineering management is subject to other pressures than 
simply the need for making objective engineering judgments 
in assigning projects to the various groups. The sales depart- 
ment, for example, has little or no interest in the question 
of whether a principle is new or old. If a competitor is 
doing well with a parallel-bar side-delivery rake, and we 
have none, the salesman will lose no sleep over which 


The author — RussELL R. RANEY — is assistant manager, ad- 
vanced engineering, farm implement division, International Har- 
vester Company. 
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Doing things that have not been done before 
is the prime purpose of advanced engineering 


department our design comes out of, but he can stir up con- 
siderable excitement over how soon he gets it. It is easier 
to “borrow’’ the services of another department than it is to 
expand the product engineering department, so this may 
turn out to be the path of least resistance to sales pressure 
on the divisional organization. 

The other side of this coin is not so readily seen in the 
product engineering department. Sales people tend to be 
enthusiastic over programs where a successful competitive 
machine has demonstrated what the customer response will 
be, but doubtful about programs which cannot be related to 
the acceptance of some current product. This means that 
sales people tend to be pretty dubious about the really 
legitimate advanced engineering projects, and the remark is 
frequently made that the best way to get some action on a 
program, like the one-man forage harvester, is to have some 
competitor enter the market with a machine just like it. The 
peculiar position of the advanced engineering department 
is that, if it is conscientious about making the proper selec- 
tion of projects, then it is only multiplying the difficulties of 
getting its output accepted for production and bringing 
profit to the company. If we go back to the early concern 
and fear of the product engineer that the advanced engineer 
would take over his job, we have only to look at the record 
of production releases to see who is making the lion’s share 
of the contributions to the product line. 

Advanced engineering in the International Harvester 
Company is still young and is still searching for solutions 
to the problem of how it fits into the organization at large. 
The approaches to these problems will vary according to the 
personalities, attitudes and capabilities of the various per- 
sons in administrative posts, but the search will continue 
because the problems will continue. Few things in human 
relations are ever settled once and for all, and satisfactory 
solutions will have to be as continuous as the problems they 
are intended to solve. 

The advanced engineering department also works on 
engineering problems as well as political problems. It takes 
great pride in having an extremely competent engineering 
staff, skilled in the use of engineering techniques and the 
application of modern laboratory equipment. These people 
stand ready to cooperate and give of themselves and their 
talents in rendering service to others on individual problems. 
The United States government is one of our satisfied cus- 
tomers. We encourage members of the product engineering 
department, in particular, to visit and exchange opinions 
with advanced engineering personnel on any and all tech- 
nical topics. As John Maynard Keynes has so aptly re- 
marked, ‘It is astonishing what foolish things one can 
temporarily believe, if one thinks too long alone.” 
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Plastic Tubing for Subsurface Drainage 
Glenn O. Schwab 


Member ASAE 


feasibility of perforated plastic tubes as a method of 

subsurface drainage. In many areas the high cost of 
tiling makes it questionable from an economic standpoint. 
Particularly, in slowly permeable soils and in soils with 
shallow impermeable strata requiring a narrow spacing for 
the drains, a low-cost method of internal drainage is needed. 
Mole drainage, although more economical than tile, has been 
attempted, but it is adapted only to special soil and climatic 
conditions. Except in Louisiana and Florida, moling has not 
been very successful in the United States, and at best, it is 
considered a temporary practice. Stabilizing mole channels 
with metal tubes (6,7)* and with extruded concrete pipe 
(4) placed in the soil as mortar with a special machine has 
been investigated in Germany. These methods apparently 
were never fully developed. The U.S. Corps of Engineers 
(13) investigated several methods of stabilizing mole chan- 
nels and concluded that the placement of perforated plastic 
tubing by cable-laying machines appeared to be the most 
promising and economical method. 

Polyethylene tubing first came to the attention of the 
author in 1947. This plastic possessed physical and chemical 
properties which indicated that it would be suitable for sta- 
bilizing mole drains at reasonable cost. 


Presi of this investigation was to determine the 


Materials and Equipment 

Polyethylene Tubing. Polyethylene was largely a British 
development, and it was first made available for manufacture 
in the United States in 1941 (11). It is sometimes identi- 
fied by its generic name, polythene, or by various trade 
names. As described by Delmonte (1), polyethylene is ‘a 
tough flexible polymer prepared direct from ethylene gas 
through a high-temperature, high-pressure polymerization 
process in the presence of a trace of exygen.” It has a melt- 
ing point of 110-117 C(12), specific gravity of 0.92 
(20 C), tensile strength of 1700 psi (varies with tempera- 
ture), resistant to most chemicals, and excellent dielectric 
properties (1). Quality control is very important in the 
manufacture of the resin and in the extrusion process. 
Where high-quality products are desired, tubing should be 


Paper presented at the winter meeting of the American Society 
of Agricultural Engineers at Chicago, Ill., December, 1954, on a 
program arranged by the Soil and Water Division. Approved for 
publication as Journal Paper No. J-2650 of the lowa Agricultural 
Experiment Station (Ames), Project 1003. 

The author—GLENN O. ScHwaB—is professor of agricultural 
engineering, Iowa State College. 
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*Numbers in parentheses re- 


Fig. 1 
fer to the appended bibliography. 
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Samples of polyethylene drain tubes under study. (Relative 


wall thickness: 1, thin; 2, medium; and 3, thick) 


Results of er research study point 
up the physical and economic feasibility 
of a ag plastic tubing as a means of 
subsurface drainage of agricultural lands 


made from virgin resin, and a minimum of 2 per cent car- 
bon black (14) should be added if outdoor durability is de- 
sired. Polyethylene can be remelted, but its quality may be 
lowered because of the possibility of including impurities. 
Accelerated exposure tests and 10 years of outdoor tests 
reported by Wallder (14) of the Bell Telephone Labora- 
tories indicate that polyethylene has an expected life of at 
least 20 years. 

To meet the demand for polyethylene, manufacturers are 
continually increasing their production. Plant capacities are 
expected to increase from 200 million pounds annually in 
1954 to 700 million pounds in 1960 with a reduction in cost 
varying from about 15 to 40 per cent (12). By 1956 eight 
American companies will be producing resin (12). These 
companies generally sell the resin to extruders or jobbers 
who specialize in many types of products ranging from 
squeeze bottles to very thin sheet material. 

Extruded tubing for drainage must be perforated 
mechanically to permit entry of water into the tube. The 
effect of the number and size of perforations on the flow 
into drain tubes has been determined by theoretical analysis 
and verified with an electric analogue (9, 10). 

Drain tubes to be described in this paper were perforated 
with 12 \4-in-diam holes per foot symmetrically located in 
4 rows. The holes were made with a high-speed drill mak- 
ing two holes 180 deg apart at each operation. Although 
these tubes were perforated manually, this operation could 
be done mechanically or with heat at a small fraction of 
the tubing cost. 

As shown in Fig. 1, tubes varied in diameter from 1 to 
4 in and in wall thickness from 0.025 to 0.100 in. However, 
in some of the preliminary studies tubes with greater wall 
thicknesses were installed. To avoid kinking, the tubes were 
shipped in 20-ft lengths in straight crates. These tubes were 
extruded specially for this investigation by the Carlon 
Products Corporation, Cleveland, Ohio. The extrusion of 
tubes of different diameters and wall thicknesses can be 
accomplished by changing dies in the extruder. Commercial 
polyethylene tubing which is now made for domestic water 
systems has heavier wall 
thicknesses than the tubes 
shown in Fig. 1. 

Mole Plow. All field in- 
stallations were made with a 
No. 32 John Deere Killefer 
mole plow by attaching the 
tubes to the mole plug and 
pulling the tubing into the 
mole channel from the out- 
let end. For mole plugs 14 
to 3 in in diameter the blade 
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on the plow was 4 in thick, whereas for 314 to 6-in-diam 
mole plugs the standard 1-in thick blade was used. The 
tubes were installed at a depth of 30 in. At this depth a 
track-type tractor capable of delivering 10,000 to 15,000 Ib 
drawbar pull and 40 to 50 hp (varies with soil and moisture 
conditions) is required to pull the mole plow. 


Preliminary Studies 


Preliminary studies of polyethylene tubing for drainage 
were started in 1948. Several short lengths of 2, 3, and 
4-in diameter tubes having wall thicknesses of 0.094 (32) 
and 0.156 (52) in were installed. After two years the 
maximum deformation in the 3 and 4-in tubes (0.094-in 
wall thickness) was found to be 0.3 in, and in the 2-in-diam 
tubes (0.156 in) the deformation was negligible. In addi- 
tion, a short length of 4-in tubing, with 0.094-in wall thick- 
ness installed in a 7-in width hand-dug trench withstood 
the soil load with 0.9-in deformation, but it had not failed 
after 5 years. Since the results indicated that thin-wall tubes 
may be practicable, a more detailed investigation was under- 
taken to determine minimum wall thicknesses since the cost 
is nearly directly proportional to the quantity of material in 
the tube. 


Diameter-Wall Thickness Studies 


Layout. In order to determine the minimum wall thick- 
ness for five sizes of tubing, field installations consisting 
of tubes 1, 144, 2, 3, and 4 in in diameter were located in 
Edina, Webster, and Luton soils in southern, central, and 
western Iowa, respectively. As shown in Fig. 2, each of 
these three field installations consisted of two 36-ft lines 
for each diameter, or a total of 360 ft. Each line contains 


MOLE PLUG 
TUBE DIA.3" DIA. 3/72" 
0.100" 0.050" 0.025" 
WALL THICKNESS 
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w 0.020" 0.080" 0.40" 
pe 
— ive" 2" 
4" 6" 
0.050" 0.100" 0.025" T 
re) 
4" 44" L 


36' 


REP. 3 on Seer abe nen 


Fig. 2 Diameter wall-thickness installation showing arrangement of 
tube sizes and mole plug diameters for one location 
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three replicates each of which consists of three wall thick- 
nesses for each size tube as given for replicate 2 in Fig. 2. 
Within each replicate the three 4-ft lengths with different 
wall thicknesses were randomized. In each line the 4-ft 
lengths were connected together with 2-in lengths of sheet- 
metal cylinders inserted on the inside of the tubing and 
fastened to the tubing with short sheet metal screws. Each 
size of tube was installed in a closely fitting mole channel 
and in a large mole channel. The size of the mole plug as 
indicated in Fig. 2 was selected arbitrarily. The resulting 
mole channel was always slightly smaller than the mole plug. 
Each 36-ft line was connected to a tile drain or outletted into 
an open ditch. Two of these installations were made in 
September, 1949, and the other in April, 1950. 


Measurement. The minimum inside diameter of each 
of the 4-ft lengths shown in Fig. 2 was measured after 
approximately 1, 2, and 4 years. These measurements were 
made with various size eyebolts attached to 4-in steel tub- 
ing. This apparatus was inserted into the line from the 
end. The eyebolts were made so that the maximum outside 
dimension varied in increments of 0.1 in, for example, on 
the 2-in-diam tube 1.9, 1.8-in, etc. eyebolts were inserted 


TUBE DIAMETER IN INCHES 


MOLE DIA. 
o 4.75" 


a 6.0" 


2 3 
TIME IN YEARS 


Fig. 3 Effect of time on tube deformation for the medium-wall- 
thickness tubes only. (Tubes are shown as one-half the ordinate scale) 
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into the tube. The least diameter of all sections was deter- 
mined by the size of the eyebolt which would rotate in the 
tube with slight resistance. The advantage of these eyebolts 
was that they could be shoved through tube sections that 
were nearly collapsed. However, the 1-in-diam tubes could 
not be measured with this equipment. A plug 0.9 in 
in diameter was pulled through these tubes one year after 
installation, but they were not inspected after that time. An 
electrical-resistance inside caliper was devised to measure the 
3 and 4-in tubes, but it was more cumbersome and less accu- 
rate than the more simple eyebolts. 

Results. The minimum tube diameters for the three in- 
stallations are plotted in Fig. 3. The 1-in tubes are not 
included because of measurement difficulties just mentioned. 
Each of the plotted points in Fig. 3 is the average of the 
three replicates at each location for the medium-wall-thick- 
ness tubes only. The thin-wall tubes had greater deforma- 
tion than shown, whereas the deformation for the thick 
tubes was less than that for the medium tubes. The circles 
are the observed diameters for the closely fitting mole chan- 
nels, and the triangles are for the large mole channels. As 
shown in Fig. 3, the deformation for the 112 and 2-in-diam 


o6 18(ORIGINAL 
DIA. 13°) 


16 
POINTS 


TUBE DIAMETER IN INCHES 


MOLE DIA. 
° 475" 


2 
FA ‘’ 10) 


0.120 


0 ~ 0.040. 
WALL THICKNESS IN INCHES 


0.080 


Fig. 4 Effect of wall thickness on tube diameter. (Tubes are shown 
as one-half the ordinate scale) 
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tubes is less than 20 per cent of their original diameter 
which was not considered serious for these sizes. The 
greatest amount of deflection in the tubes occurred during 
the first two years. A few of the tubes were larger in diam- 
eter at four years than at two years. This enlargement appar- 
ently was caused by an extremely dry soil when the tubes 
were measured at the end of four years, thus permitting the 
tube to expand when measured. 


In Fig. 4 the effect of wall thickness on tube deforma- 
tion is shown for measurements taken four years after instal- 
lation. Each point is the minimum diameter for each 4-ft 
length, and the data include all 4-ft lengths in all soils. 
The data show that 3 and 4-in tubes require greater wall 
thicknesses than smaller tubes. There were five failures of 
3-in tubes with a wall thickness of 0.025 in, 15 failures for 
4-in tubes of the same wall thickness, and two failures for 
4-in tubes with 0.050-in wall thickness. A tube failure is 
here considered as a deformation of 50 per cent or more 
of the original diameter. To prevent deformations greater 
than 20 per cent of the original diameter, the data show 
that a wall thickness of about 0.040 in is necessary for 12-in 
tubes, 0.050 in for 2-in tubes, about 0.080 in for 3-in tubes, 
and greater than 0.120 in for 4-in tubes. The minimum 
original diameter of the 1'4-in tubes with 0.080-in wall 
thickness was 1.3 in because they were deformed into an oval 
shape before installation. However, these tubes did not fail 
or change their shape after installation. 


A statistical analysis was made of some of the data. 
However, a complete analysis was not considered desirable 
or necessary in order to interpret the results given in Figs. 
3 and 4. Regression lines were not computed because they 
would not be very meaningful if the data were applied to 
field conditions. For example, a tube failure would make the 
drain less effective below the point of failure, thus minimum 
values are of greater importance than statistical means. 


Average observed minimum tube diameters four years 
after installation are given in Table 1. (See also Fig. 4.) 


SPACING 
100 FEET 


ESTIMATED COST IN DOLLARS PER AGRE 


OEPTH IN FEET 


Fig. 5 Estimated total cost of plastic tubes and tile drains for a 
spacing of 100 ft 
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TABLE 1. AVERAGE OBSERVED MINIMUM TUBE 
DIAMETERS 


(Four years after installation) 
Relative Relative 
diameter wall 


of mole thickness Tube diameter in inches 


channel (Fig. 2) 1% 2 3 4 

Small Thin 1.30 1.77 56% failed 67% failed 
Large Thin 1.24 1.48 2.28 100% failed 
Small Medium 1.40 1.79 2.39 2.88 
Large Medium 1.38 1.79 2.49 3.24 
Small Thick 1.30* 1.81 2.77 3.36 
Large Thick 1.30* 1.88 2:77 3.54 


Nove: Each value is the average of 9 observations from 3 replica- 
tions in each of 3 soils. (Individual observations ee in Fig. 4.) 
*Original diameter; deformation was not caused by soil load. 


From a statistical analysis of the data the size of the mole 
channel, varying from 0.5 to 1.0 and 0.75 to 2.0 in larger 
than the tube diameter for 1 and 4-in tubes, respectively, has 
little if any effect on the deformation of the tubes provided 
the channel is large enough to permit the tube to enter. A 
smooth channel void of loose gravel or soil clods is im- 
portant. The effect of different soils om tube deformation 
was not consistent for tubes of different diameter, and the 
differences among soils at the 1 per cent level for tubes of 
the same original diameter were not significant. However, 
Gattis (2) found the stability of these soils for moling 
to be in decreasing order: Webster, Edina, and Luton. 


Drainage Cost with Plastic Tubes 


Because 3 and 4-in tubes require wall thicknesses of 
0.080 in or more for stability, only tubes less than 2 in in 
diameter appear to be economical compared with draintile 
at present prices. Based on a cost for polyethylene of 3'2¢ 
per cuin, the cost for 1, 1%, and 2-in tubes would be 4, 
8, and 13¢ per ft, respectively, for tubes with medium wall 
thicknesses shown in Fig. 2. The estimated total cost per 
acre for 5-in tile and plastic tube drains at a spacing of 
100 ft is shown in Fig. 5. Plastic tube costs were based on 
the above prices, and the installation cost was determined for 
drains 500 ft in length (8). Labor, moving the machine, 
mole plow, and tractor costs were also included. If the price 
of plastic tubing is reduced by 25 to 30 per cent, as expected, 
the cost would be still more favorable. 


DISCUSSION 

The above results represent a progress report of five 
years of study. Plastic tubing appears to be most practicable 
for laterals connected to existing tile drains and for single, 
short drains where a ditch outlet is nearby. The drainage 
of hillside seeps and waterways where adequate grade is 
available and the drainage of soils requiring narrow spac- 
ing of the drains are particularly suitable for plastic tube 
installations. Another possible application is to place these 
tubes perpendicular to existing tile drains in ponded areas 
to improve drainage where there are no surface intakes. 
Plastic tubes can be connected to tile drains rather easily by 
chipping a hole in the tile, inserting the tube, and sealing it 
with cement mortar. Where quicksand or other unstable 
subsoils exist, sections of the tube need not be perforated if 
there is danger from sediment inflow. Although small 
plastic tubing is less expensive than tile, the principal dif- 
ficulties limiting its use are the problems of shipping and the 
danger of small animals chewing holes in the tubing. White 
rats in cages and pocket gophers in the field where water 
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Pipe was 4 ft deep have chewed into this plastic. The coils 
of tubing are bulky and light in weight making them diffi- 
cult to transport. Reducing the diameter of the coil causes 
kinking of the tubing. Another problem is the difficulty of 
locating the tubes once installed. 

The flow into drain tubes for a given depth decreases as 
the diameter is decreased. Based on equations developed by 
Kir,ham (3), the theoretical flow into 1 and 2-in drain 
tubes at a depth of 4 ft is 28 and 19 per cent less, respec- 
tively, than the flow into 5-in draintile. These data are based 
on saturated soil having a hydraulic conductivity of 5 in per 
hr and a perforation restriction equivalent to a Y-in crack 
spacing for tile. Where the water table is drawn down over 
the drains, these percentage reductions in flow for the tubes 
are likely to be less than indicated. These data show that the 
reduction of inflow may not be a serious objection to the use 
of small tubes. 

The maximum length of 1, 114, and 2 in drain tubes for 
spacings of 50 and 100 ft at various slopes is shown in 
Fig. 6. These curves are based on a drainage coefficient of 
¥g in per 24 hr and the capacity of the tubes is based on the 
Manning formula using »=0.015. This roughness coefh- 
cient was based on straight, smooth pipe having 12 %4-in 
perforations per foot with burrs or rough edges around the 
holes. 

Under many field conditions, particularly where these 
tubes serve as laterals, the maximum length given in Fig. 6 
would not limit their use. For example, on a slope of 0.5 
per cent the maximum length for 14 and 2-in tubes would 
be 460 and 1000 ft, respectively, for a 50-ft drain spacing. 
Although a tube 490 ft long has been installed by pulling its 
entire length into the mole channel from the outlet, drains 
300 to 400 ft in length would be more practical for this 
method of installation. 

The minimum grade for 1 to 2-in tubes should be about 
0.5 per cent in order to provide an allowance for deviations 
from true grade and to provide adequate capacity. Labora- 
tory studies (9) indicated that 1-in tubes placed off-grade 
would reduce the effectiveness of the drain in proportion to 
the volume of air trapped in the high portion of the curved 
tube. This effect was greater as the number of deviations 

(Continued on page 92) 


MANNINGS n=0.015 
D.c.= 3/8" 


50-FOOT SPACING 
100 - FOOT SPACING 


MAXIMUM DRAIN LENGTH IN IOO FEET 


Oo 0.5 1.0 1.5 2.0 2.5 


SLOPE IN PER CENT 
Fig.6 Effect of slope on maximum drain length 
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Crop Drying with Heated Air 


Edgar S. Downs and E. A. Compton 


Member ASAE Affiliate, ASAE 


T IS difficult to dispute the many advantages of natural 
I air for crop drying. It is easy to control, almost com- 

pletely firesafe, and rarely if ever is the crop being dried 
harmed. For these reasons it is easy to understand why 
natural air drying has been popular with farmers. 

With all these advantages, however, natural air drying 
has some significant disadvantages. The greatest of these 
probably is its dependence on weather with consequent wide 
fluctuation in drying time. Under ideal conditions of high 
temperature and low relative humidity it is reasonably fast 
and efficient. Unfortunately, however, throughout most of 
our leading farm states nature does not often provide these 
ideal conditions. This means that the farmer has only 
partially freed himself from the vagaries of nature. 

Coupled with this slow, uncertain drying rate is the fact 
that the farmer is limited as to how far he can reduce the 
moisture content of the crop. For long-term storage of 
wheat and shelled corn where low moisture content is nec- 
essary to prevent spoilage, natural air cannot produce suf- 
ficiently low relative humidity to do the job even under the 
best natural drying conditions. 

Reviewing the past history of heated-air drying, it is 
found that it made its start in large-scale commercial oper- 
ations, such as elevators. Since time was a prime factor in 
this type of operation, with the tremendous quantities of 
grain involved, it was logical that high temperatures be ap- 
plied. Furthermore, most drying of this type was done in a 
continuous-flow operation, exposing the grain to the high 
temperature for only a definitely limited period of time and 
then in a thin bed to minimize moisture-content stratifica- 
tion. With this method plus accurate control under the 
direction of experienced personnel, high drying rate could 
be accomplished without danger to the product being dried. 

Conditions on the farm are quite different, however, 
particularly as to materials-handling equipment and experi- 
enced drying personnel. It is not surprising, therefore, that 
past experience in using large amounts of heat—for example, 
8 to 12 gal of fuel oil per hour—has shown many cases of 
overdried and unevenly dried crops. Furthermore, there is 
a greater degree of fire danger in the case of high rates of 
fuel consumption by untrained personnel. 

Considering the requirements of a typical farm crop 
drier, first and most important of all, it must be designed to 
dry a number of different crops of entirely different phys- 
ical characteristics. Second, it must be able to dry these 
crops in large or small amounts and in beds of varying 
thickness. It would be impractical, both from the stand- 
point of manufacture and customer use, to design and build 
many different models of crop driers. 

To accomplish the above-stated objective, it would seem 
wise to choose a fan with reasonably good air delivery over 
a range of static pressures from ¥2 to 24% in of water col- 
umn. The heat input likewise should be easily varied over a 
reasonably wide range, say, 2 to 5 or 6 gph. Now that 5 and 


The authors—Epcar S. Downs and E. A. CoMPTON—are, re- 
spectively, manager of industrial and agricultural division, and 
agricultural representative, Lennox Furnace Co. 
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Authors advance the advantages of arying with moderate 
amounts of heat and consequent reduce 


fire risk 


7¥2-hp single-phase electric motors can be obtained in the 
same frame size, it is further possible to make either size on 
the same drier structure by only changing the fan blade 
and motor. 


Heated-air drying using a moderate amount of heat has 
been criticized as not fast enough. It is proposed to show 
in this paper, both by psychometric analysis and field tests, 
that large amounts of heat are often not necessary to meet 
the drying speed requirements of even large farm operations, 
and, furthermore, that the use of a modest temperature rise 
of 10 to 40 F has produced dried crops of unusually good 
quality and even moisture content. 


First of all, consider the average daily maximum and 
minimum temperatures for the important drying months 
during the year 1951, based on data from the U.S. Weather 
Bureau at Cleveland, Ohio: 


Month Daily Maximum Daily Minimum 
June 80.0 F 58.2 F 
July 84.8 62.3 
August 81.8 58.8 
September 73.8 52.0 
October 68.6 47.0 
November 42.8 28.5 


Following are the four daily relative humidity readings 
for these same months of 1951: 


Time of reading 


Month 1:30 a.m. 7:30 a.m. 1:30 p.m. 7:30 p.m. 
June 85 percent 81 percent 55 percent 63 percent 
July 81 79 51 58 
August 83 86 50 60 
September 83 85 53 69 
October 76 83 53 68 
November 80 80 69 73 


According to the 1949 ASHVE Heating, Ventilating 
and Air-Conditioning Guide (page 912), the force for 
evaporation (or drying rate) is directly proportional to the 
difference between the absolute humidity of the air being 
used and the absolute humidity of saturated air at this tem- 
perature. In other words, drying rate depends on the dif- 
ference between the pounds of water actually in the air and 


Fig. 1 Use of the Y-type canvas duct takes advantage of the full 
drying power of the drier. Up to three bins at a time may be dried 
in this manner 
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the pounds of water that the air can hold when saturated at 
that dry-bulb temperature. 


For purposes of illustration, this law will be applied to 
a crop drier with a typical 5-hp fan, using in one case 2 gph 
and in the other 5 gph of No. 2 fuel oil. Also, the hay- 
drying month of June and the corn-drying month of Octo- 
ber will be assumed. 


Example No. |—Hay Drying—June 
Natural air—nighttime operation 


Average minimum temperature 58.2 F 

Average relative humidity, 1:30 a.m. 85 percent 
7:30a.m. 81 percent 
Use 83 percent 


Absolute humidity of 58.2 F and 83 percent RH=59 grains per 
pound of dry air 

Absolute humidity of saturated air at 58.2 F=72 grains per 
pound of dry air 

Difference= 72 — 59= 13 grains per pound of dry air 


Indirect Heated Air Drier, 5-hp fan and 2 gph 


Assume 1 in static pressure resulting in 14.7 F temperature rise. 

Absolute humidity at 72.9 F and 49 percent RH= 59 grains per 
pound of dry air 

Absolute humidity of saturated air at 72.9 F= 122 grains per 
pound of dry air 

Difference= 122 —59=63 grains per pound of dry air 

The addition of 2 gal per hr of No. 2 fuel oil has therefore in- 

creased theoretical drying rate by 63/13 or 4.85 times. 


Indirect Heated Air Drier, 5-hp fan and 5 gph 


Assume 1 in static pressure resulting in a temperature rise of 37 F 

Absolute humidity at 95.2 F and 24.5 percent RH=59 grains per 
pound of dry air 

Absolute humidity of saturated air at 95.2 F= 255 grains per 
pound of dry air 

Difference= 255 — 59= 196 grains per pound of dry air 

The use of 5 gph of No. 2 fuel has therefore increased the 

theoretical drying rate 196/13, or 15.1 times. 


Natural air—daytime operation 


Average maximum temperature 80.0 F 

Average relative humidity, 1:30 p.m. 55 percent 
7:30 p.m. 63 percent 
Use 59 percent 


Absolute humidity at 80 F and 59 percent RH= 90 grains per 
pound of dry air 

Absolute humidity of saturated air at 80 F= 156 grains per 
pound of dry air 

Difference= 156 — 90= 66 grains per pound of dry air 


Indirect Heated Air Drier, 5-hp fan and 2 gph 


Assume 1 in static pressure resulting in 14.7 F temperature rise 

Absolute humidity at 94.7 F and 39 percent RH= 90 grains per 
pound of dry air 

Absolute humidity of saturated air at 94.7 F= 235 grains per 
pound of dry air 

Difference= 235 — 90= 145 grains per pound of dry air 

The use of 2 gph of No. 2 fuel oil has increased drying speed 

by 145/66, or 2.2 times. 


Fig. 2 A method of drying ear corn with air duct extending through 
the crib which is enclosed with canvas or reinforced paper 
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Example No. 2—Corn Drying—October 
Natural air—nighttime operation 


Average minimum temperature 47F 

Average relative humidity, 1:30 a.m. 76 percent 
7:30a.m. 83 percent 
Use 80 percent 


Asolute humidity at 47 F and 80 percent RH= 39 grains per 
pound of dry air 

Absolute humidity of saturated air at 47 F=48 grains per 
pound of dry air 

Difference= 8 grains per pound of dry air 


Indirect Heated Air Drier, 5-hp fan and 2 gph 


Assume 1 in static pressure resulting in 14.7 F temperature rise 

Absolute humidity at 61.7 F and 46 percent RH= 39 grains per 
pound of dry air 

Absolute humidity of saturated ait at 61.7 F=83 grains per 
pound of dry air 

Difference= 44 grains per pound of dry air 

The use of 2 gph of No. 2 fuel oil has thus increased the 

theoretical drying rate by 44/8, or 5.5 times. 


Indirect Heated Air Drier, 5-hp fan and 5 gph 


Assume 1 in static pressure resulting in temporary rise of 37 F 
Absolute humidity at 84 F and 23 percent RH= 39 grains per 
pound of dry air 
Absolute humidity of saturated air at 84 F= 178 grains per 
pound of dry air 
Difference= 139 grains per pound of dry air 
The use of 5 gph of No. 2 fuel oil has increased the theoretical 
drying rate by 139/8, or 17.4 times. 
Natural air—daytime operation 


Average maximum temperature 68.6 F 

Average relative humidity, 1:30 p.m. 53 percent 
7:30 p.m. 68 percent 
Use 60 percent 


Absolute humidity at 68.6 F and 60 percent RH= 63 grains per 
pound of dry air 

Absolute humidity of saturated air at 68.6 F= 105 grains per 
pound of dry air 

Difference= 42 grains per pound of dry air 

Indirect Heated Air Drier, 5-hp fan and 2 gph 

Assume 14.7 F temperature rise 

Absolute humidity at 83.3 F and 38 percent RH=63 grains per 
pound of dry air 

Absolute humidity of saturated air at 83.3 F= 173 grains per 
pound of dry air 

Difference= 110 grains per pound of dry air 

The use of 2 gph of No. 2 fuel oil has increased the theoretical 
drying rate by 110/42, or 2.6 times. 
Indirect Heated Air Drier, 5-hp fan and 5 gph 

Assume 37 F temperature rise 

Absolute humidity at 105.6 F and 19 percent RH=63 grains per 
pound of dry air 

Absolute humidity of saturated air at 105.6 F= 330 grains per 
pound of dry air (approximate) 

Difference = 267 grains per pound of dry air 

The use of 5 gph of No. 2 fuel oil has increased the theoretical 

drying rate by 267/63, or 4.25 times. 

The term ‘“‘theoretical drying rate’’ has been used ad- 
visedly in the foregoing, as rates shown here are calculated 
on saturated air leaving the crop, a condition which is not 
of course attained in practice. These figures do show, how- 
ever, the great increase in the ability of the air to hold 
moisture which is achieved by the addition of even a 
moderate amount of heat. 

Another point brought out is the great gain in using 
heat during periods of low temperature and high relative 
humidity such as nighttime, rainy days, and colder fall 
weather. While there is a distinct gain in using heat during 
warm sunny days, by far its greatest benefit is during periods 
of low temperature (40 to 70 F) and high relative humidity. 

During the summer and fall of 1953, our Company con- 
ducted a series of field tests in Ohio using firing rates of 
2 to 4gph of No. 2 fuel oil. The results of these tests 
were as follows: 
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Test No. |—Hay Drying, Pickerington, Ohio 
Amount—60 tons baled hay ; 70 tons chopped hay 
Drier—indirect-fired with 7'4-hp electric motor 
Temperature rise—12 F. Rate—2% gph 
Moisture reduction (average) —35 to 20 percent 
Time for 30 tons of baled hay—4 days 
Chopped hay—10 tons in 24 hr 
Firing rate—3 gph with 15 F temperature rise 
Norte: During warm, dry, sunmy days, heat was shut off 
between 10 a.m. and 6 p.m. 


Test No. 2—Wheat Drying, New Paris, Ohio 
Total amount dried—6500 bu. (This was dried in 250-bu lots 
using a batch-drying bin) 
Drier—indirect fired with 5-hp electric metor 
Moisture removal—16 percent down to 12 percent 
Temperature rise—32 F using 4 gph 
Drying rate—165 bu per hr 


Test No. 3—Seed Corn, Sidney, Ohio 


Shelled seed corn dried in round steel bia with porous floor 
Total temperature limited by thermostat to 110 F 
Drier—indirect fired with 5-hp electric motor 

Firing rate—2'4 gph 

Moisture reduction—22 percent to 13 percent 

Drying time—920 bu in 73 hr 


Ear seed corn (dried in same bin) 

Moisture reduction—24 to 13 percent 

Drying rate—550 bu in 96 hr (rainy weather ) 
Total temperature limited to 110 F 


Test No. 4—Ear Corn, New Paris, Ohio 


Drier—indirect fired with 5-hp electric motor 
Firing rate—4 gph 
(First Run) 
Moisture reduction—32 to 15 percent 
Amount—2100 bu 
Drying time—6 days 
(Note: Heat used only during nighttime) 
(Second Run) 
Moisture reduction—27 to 15 percent 
Amount—2100 bu 
Drying time—5 days 
(Note: Heat used only during nighttime) 
(Third Run) 
Moisture reduction—27 to 18 percent 
Amount—2100 bu 
Drying time—8 days 
(Nore: Rainy period) 


Test No. 5—Shelled Corn, Ashley, Ohio 


Total amount dried—4000 bu (dried simultaneously in two round 
steel bins, 7-ft deep bed) 

Moisture reduction—24 to 13 percent 

Fuel rate—24%2 gph 

Drying time—10 days 


Summary 


It has been shown by the analytical method and field 
experiment that on-the-farm drying can be accomplished 
economically by use of a heated-air crop drier using a mod- 
erate amount of heat. Firing rates of 2 to 6 gph of No. 2 
fuel oil may be used, which will give a temperature rise of 
14 to 43 F against an average static pressure of 1 in (water 
column) using an indirect-fired, 5-hp drier. 

While it is completely safe as far as the crop being dried 
is concerned, natural air drying is slow and depends for its 
drying rate on variable weather conditions. 


High firing rates with heated air driers, on the other 
hand, produce moisture gradients in the material being 
dried, increase inefficiency due to high temperature of 
exhaust air, and tend to have greater inherent fire risk. 


By cutting heat input down to 2 to 4 gph, deep beds of 
shelled corn up to 10 ft thick may be dried at rate up to 900 
bu per day without undue moisture stratification. 
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Plastic Tubing for Drainage 
(Continued from page 89) 


from true grade increased and as the deviations became 
larger. However, this effect may be negligible on slopes of 
2 to 5 per cent. 

Since 1949, 1500 ft of these small tubes have been in- 
stalled on slopes varying from 1 to 5 per cent, and from all 
indications they have functioned satisfactorily. 


CONCLUSIONS 

1 The stability of perforated polyethelene (flexible) 
tubes in mole drains decreased as the diameter of the tubes 
increased and as the wall thickness decreased. 

2 In the three Iowa soils studied there were no signifi- 
cant differences in tube deformation due to soil. 

3 The size of the mole channel had little or no effect on 
the deformation of plastic tubes for channels varying from 
0.5 to 1.0 and 0.75 to 2.0 in larger than the tube diameter, 
for 1 and 4-in tubes, respectively. 


4 Drain tubes 2 in or less in diameter appear to be the 
most practicable considering stability, capacity, and cost. A’ 
minimum slope of 0.5 per cent is suggested. 

5 Most of the deformation of plastic tubes installed 
in mole drains occurred during the first two years after 
installation. 


6 Polyethylene tubes 114, 2, and 3 in in diameter should 
have wall thicknesses of at least 0.040, 0.050, and 0.080 in, 
respectively, to prevent tube deformations greater than 20 
per cent of their original diameter. Tubes 4 in in diameter 
should have wall thicknesses greater than 0.120 in. Three 
and 4-in tubes appear to be too expensive to compete with 
tile at present prices (1954). 

7 At depths of 4 ft or less the total cost of 1, 14%, and 
2-in tube drains is estimated approximately at 30, 50, and 
75 per cent, respectively, of the cost for 5-in tile drains. 
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Tramp Iron Removal from Livestock Feeds 
W. H. Knight and E. S. Craig 


Member ASAE 


(G iter incidence of tramp iron in livestock feeds 
is the result of the machine age in agriculture. The 
trend toward mechanization has provided the farmer 
with machines to handle feeds in every operation of produc- 
tion and use. Increase in the use of the field chopper and 
baler has particularly accentuated the 


presence of tramp iron in chopped = = 


hay and silage. Moreover, careless 
operation and negligence has re- 
sulted in thousands of odds and 
ends of stray iron that get into 
everything from the field to the feed 
bunk. Today the agricultural in- 
dustry is faced with a tramp-iron 
problem that not only is causing 
machinery damage and loss of time 
but also a contamination of product 
which is resulting in the increase of 
“hardware sickness” in livestock. 
Because of their feeding and di- 
gestive habits, cattle are particularly e™ 
susceptible to hardware sickness. 
USDA Meat Inspection Service fig- 
ures show cattle losses from this & 
cause of over $5 million from 1948 ® 
to 1952. The total loss in 1949 
alone was nearly $3 million. These 
figures include condemnations in  «@ 
plants under federal inspection only. 
If state and city inspections plus 
losses on farms were included, it is 
estimated that the total loss would 
exceed $31 million for year 1949. 


Fig. 1 


Performance of Magnetic Pulley 


Recent experimental tests have been conducted in the 
department of agricultural engineering of the University of 
Idaho on the performance of the magnetic pulley in remov- 
ing tramp iron from granular feeds. In these tests a mag- 
netic pulley 12 in in diameter and 14 in wide was obtained 
on consignment from the Dings Magnetic Separator Com- 
pany, Milwaukee, Wis. The unit was installed at the discharge 
end of a conveyor as shown in Fig. 1. A hopper was con- 
structed to discharge onto the conveyor at the opposite end. 
The hopper discharge was controlled by adjustable-bottom 
openings. Fig. 1 also shows the hopper mounted over the 
conveyor. The conveyor was driven by an electric motor 
through a gear reduction to give a belt speed of 150 fpm. 
A catch box for the iron removed by the pulley is shown 
directly beneath. Wheat, oats, and barley, both whole 
and ground, were run over the conveyor at depths of 2, 
2% and 3in. A definite amount of tramp iron, consist- 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Minneapolis, Minn., June, 1954, on a 
program arranged by the Rural Electric Division. 


The authors—W. H. KNIGHT and E. S. Craic—are, respectively, 
project director, Idaho Farm Electrification Committee and extension 
agricultural engineering specialist, University of Idaho. 
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Experimental test setup showing magnetic 
pulley installed at the discharge end of a feed con- 
veyor with the hopper mounted over the conveyor 


Assoc. Member ASAE 


Results of a study to determine the eff ective- 
ness of permanent magnets to redute machin- 


ery dama ge and hardware sickness in livestock 


ing of nails, wood screws, short 
pieces of wire, etc., was added to 
approximately 200 lb of grain as it 
was put into the hopper. The pieces 
were checked after the run to see if 
all were removed by the pulley. 
Depth of flow was controlled at the 
discharge of the hopper by a baffle 
board positioned above the conveyor 
belt at the desired height. 

The first series of tests were con- 
ducted with constant conveyor speed 
and varying grain depth. 

A second series of tests checked 
the pulley’s performance at varying 
conveyor speeds. For these tests the 
conveyor was driven through a 
Reeves variable-speed V-belt drive. 
The testing procedure was to start 
with a speed setting fast enough to 
cause the pulley to miss a few pieces 
of metal. The speed was then 
gradually reduced until complete re- 
moval was attained. Repeated tests 
were run at the first speed of com- 
plete removal to insure that they 
were slow enough. Table 1 shows 
the results of these tests. 

With the variable-speed drive, the slowest speed obtain- 
able was 150 fpm, although in a number of runs at a depth 
of 3 in for the ground barley and oats complete removal was 
obtained, previous tests indicate that the conveyor speed 
should be reduced for these depths. 

The largest item of cost in adapting a magnetic pulley 
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TABLE 1. COMPLETE TRAMP-IRON SEPARATION AT VARY- 
ING BELT SPEEDS USING A DINGS MAGNETIC PULLEY 


Depth Pulley Belt 

of flow speed speed Capacity 
Material in rpm fpm cfm bu/hr 
Whole wheat 1 135 425 41.4 1988 
2 122 385 74.9 3590 
eee 7. ae 67.5 3240 
Whole barley 1 140 440 42.8 2059 
and oats 2 122 385 74.9 3590 
aod a. ee. 728 3498 
Ground wheat 1 132 415 40.4 1940 
2 76 239 46.5 2230 
. aa > _ ee *' oe 2110 
Ground barley 1 130 409 39.8 1920 
2 85 267 51.9 2490 
F > ne 48 _ os 151 , 44.0 _ 2110 
Ground oats 1 129 405 39.4 1890 
2 101 318 61.9 2970 
3 48 151 44.0 2110 
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to a practical belt-conveying system would be the actual cost 
of the pulley. It is believed that a smaller more practical 
magnetic pulley can be purchased for around $250. 


Plate Magnets for Removing Tramp Iron 


Little success has ever been attained in removing tramp 
metal from long hay. However, when hay is chopped and 
blown through a pipe, it is possible to remove this stray 
metal by the use of plate magnets properly arranged in the 
blower line. (Parallel work on this problem at the Uni- 
versity of California has developed an electronic detector- 
ejector device that also appears to be quite effective. ) 


Eriez plate-type magnets, 7 x 10 in, of different magnetic 
strength were obtained from the Fred G. Greaves Co., 
Seattle, Wash., as follows: 


Relative magnetic 
strength 


Extra power magnets... 
Ultra power magnets... - 
Super power magnets.............. 


23 oz at 1 inch 
29 oz at 1 inch 
39 oz at 1 inch 


A series of experimental tests were conducted at the 
University of Idaho farm with these magnets installed in 
what is known as a ‘‘pneumatic hump” in a chopped-hay 
blower line (Fig. 2). The first tests were run with two ex- 
tra power plate magnets installed in the hump. Two tons of 
wire-tied bales of alfalfa hay were chopped and to this were 
added 15 small pieces of baling wire, all varying in size. 
Five separate trials were run with the same amount of wire 
pieces used each time. The speed of the air through the 
blower was measured at approximately 8,000 fpm. It was 
found that the blower could be plugged when the wind ve- 
locity was reduced to about 5,000 fpm. 


Results of these tests showed that about one-third of the 
pieces of wire that had been added were lost in the hay. 
These magnets were not doing the job. 


In the second series of tests the extrapower magnets were 
replaced by an ultrapower magnet installed lengthwise in 
the blower line in position 1 and a superpower magnet in- 
stalled in position 2. Tramp-iron removal was increased 
slightly in this test, but it was found that the force of the 
moving hay over the magnets was pulling some of the wire 
off of the downstream edge of the magnet in position 1. For 
these observations, glass windows were installed in the sides 
of the blower lines at the position of the magnets. Perform- 
ance of these magnets was much improved by installing a 
¥g-in stainless steel strip at the lower edge to help hold the 
tramp wire. 

A second “hump” design (Fig. 3) using a much flatter 
profile and a reduced vertical cross section of the blower 
lines was tested in the hope that less expensive magnets and 
slower blower speeds could be utilized. Trial runs showed 
that this hump plugged the blower line as readily as the 
hump shown in Fig. 2 and tended to miss approximately 
10 percent of the tramp iron. 

The third “hump” design (Fig. 4) that was finally tested 
was based on the performance of humps shown in Figs. 2 
and 3. Tests were conducted with the various-sized magnets 
alternately arranged in the two positions. It was finally 
found that best results were obtained when one 10-in ultra- 
power magnet with a recessed air gap and an inclined pole 
face was placed in position 1 and a 10-in ultrapower magnet 
with a recessed air gap was placed in position 2. The final 
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testing resulted in nearly complete removal of the tramp iron 
as shown in Table 2. The wind velocity for these final tests 
was about 5600 fpm. 


TABLE 2. TEST RESULTS OF PNEUMATIC HUMP No. 3 


First Second No. of 
No. of position position pieces 
Run No. pieces added (10 in ultra)* (10 in ultra)t lost 

1 15 8 7 0 
2 15 12 3 0 
3 15 12 2 1 
4 15 12 3 0 
5 15 12 3 0 
6 15 8 7 0 
7 15 7 8 0 
8 15 10 5 0 
9 15 11 4 0 
10 15 10 5 0 
11 15 9 5 1 
12 15 4 5 1 
13 15 8 PF 0 
14 15 rf 6 0 
15 15 11 4 0 


*Ultrapower magnet with recessed air gap and slant pole face. 
+Ultrapower magnet with recessed air gap. 


It should be recognized that the units which gave the 
best performance in these tests will not necessarily be suc- 
cessful for all situations. The wind velocity in the blower 
lines must be controlled to within certain limits. If the wind 
velocity is too fast, it will carry the tramp iron past the 
magnets. Wind velocity that is too slow will plug the 
blower line, especially if a long horizontal pipe is used. The 
raise of the hump must be high enough for all of the ma- 
terial to change direction against the leading face. The 


(Continued on page 99) 


: Provo Fianee 
= a i 
| C C on Muse & Latcw 


Fig.3 Chopped-hay blower line showing second pneumatic-hump design 
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Mechanizing the Feeding of Dairy Cows 


E. C. Schneider 


Member ASAE 


taken to determine the practicality of (4) semi- 

automatic, endless-chain-conveyor feeding of hay and 
silage to cows in stanchions and (b) the handling by con- 
veyor of bedding from storage to the stable. If these are 
practical, they open the way to possible reduction in build- 
ing investment and labor use. They also make housing 
practical, less hazardous to the cows, from a fire standpoint, 
than do the conventional dairy barns with hay overhead. 
Fire risk can be reduced by housing cows in a single-story 
stable separate from the hay and bedding storage. 


Ts study, on which this paper is based, was under- 


There has been little formal research on conveyor feed- 
ing. Much informal work, however, has been done by the 
farmer on conveyor feeding and its variations as applied to 
loose housing and beef-cattle feeding. References to con- 
veyor feeding of dairy cows in stanchions are conspicuous 
by their absence. Peterson and Radtke* have developed a 
comprehensive dairy cow mechanical-feeding unit for cows 
in stanchions. Their system incorporates much expensive 
machinery and specialized buildings. Their principles and 
plans are good, but are not, in the judgment of the author, 
within the financial reach of many farmers unless the unit is 
mass-produced. 

The problem of conveyor feeding of cows in stanchions 
has not been answered. It is assumed that farmers will be 
using stanchion barns for dairy cows for some time to come. 
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SWITCH ACTUATOR 


LIMIT SWITCH 


of 


PADDLE SWITCH 


Promising possibilities brought out in 
a study of structures and conveyors for 
the mechanical handling of feed and 
bedding for dairy cows in stanchions 


This study, therefore, is concerned with devising a build- 
ing layout and a conveyor system for use with dairy cows in 
stanchions. The study attempts to determine the practicality 
of a semiautomatic conveyor feeding system by constructing 
one, testing it, and making time-and-motion studies with it. 


Proposed Building Plan 

The proposed plan utilizes a single story 24 ft-wide 
stanchion barn with a separate hay and bedding storage in- 
stead of the conventional 34 or 36-ft-wide barn with hay 
overhead. This means two structures instead of one. The 
cost of building the upper story and roof of a two-story barn 
is greater than that of building the walls and roof of a pole- 
type hay barn. This is because of the additional labor used in 
working on staging and in getting materials up to the second 
story. In addition, with a separate hay storage, if the ground 
is well drained, the hay and bedding can be stored on it. 
This eliminates the expense of the floor and girder system 
needed in a two-story barn to support the hay load. In 
short, we substitute a 24-ft-wide single-story stanchion barn 
and one additional roof on a cheap pole structure with 
slatted sides for the conventional 36-ft-wide barn with its 
heavy load-supporting features for the second story. 

In the proposed building plan the hay storage contains a 
hay drier, in the main duct of which is a conveyor. The duct 
is 8 ft high and 3 ft wide. The duct has vertical hay chutes 
leading to pitch holes in the top of it; the sides of the duct 
have doors opening into the duct directly below each hay 
chute. The pitch holes are 3 ft square; they are 23 ft apart 
and 10 ft from any wall making it unnecessary for the opera- 
tor to take more than one or two steps to pitch hay down. 
The width of the hay and bedding storage is 23 ft, or for 
large installations 46 ft with two main ducts and conveyors. 
Bedding is stored at one end of the hay storage. (One fan 
with a Y duct is used.) 

The conveyor from the main duct passes by the silo on 
its way to discharge into the man- 
ger. On its way past the silo, silage 
may be picked up. The silage could 
be fed automatically if a silo un- 
loader is used and synchronized 
with the speed of the conveyor. 
There is a conveyor in the manger 
which carries the hay or silage to 
the cows. Bedding may be taken 
from the discharge end of the sup- 
ply conveyor before it falls on the 


oe manger conveyor. For this reason 

the supply conveyor enters the sta- 

Wy SWITCH ACTUATOR Fig. 1 Schematic view of forage-conveyor feeding ble sufficiently high above the floor 
Ne system for stanchion barn for discharging bedding into a cart. 
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With such a conveyor system combined with either a me- 
chanical grain feeder preferably a milking parlor; it be- 
comes unnecessary to have feed alleys. Combined with a 
gutter cleaner this allows the 34 or 36-ft-wide barn to be re- 
duced to approximately 24 ft wide with a reduction in build- 
ing investment as a result. 

This conveyor feeding system should work well with the 
cows facing either in or out; however, it is more economical 
and better building arrangement to have the cows face in. 
The conveyor with its semi-automatic features is adaptable 
to loose-housing installations and also to stanchion barns 
with hay stored overhead. The system should be reversible 
where silos and hay storage are on opposite ends of the 
stable or feeding area. 

A cleanout or chaff pit is needed at the discharge end of 
the manger conveyor and with a reversible conveyor a 
cleanout pit is needed on both ends. 

The conveyor system is made up of two conveyors, the 
manger conveyor and the supply conveyor which supplies 
the manger conveyor. The supply conveyor returns under- 
neath itself. Both conveyors have cross flights on a single 
central chain. Where the cows face in and use a common 
manger, a two chain-conveyor is recommended. 

The conveyor installation was first planned with the 
dairy stable and hay and bedding storage in a straight line, 
with the mangers lined up with the main ducts of the 
hay drier. 


To use the conveyor system for bedding the supply con-" 


veyor should be separate from the manger conveyor and 
enter the dairy stable 4 to 5 ft above the floor. This permits 
getting a cart under it to collect bedding or to allow the 
bedding to pile up at that point for distribution. 

With the manger conveyor as a separate unit and using 
agricultural-link chain for economy, it would be necessary 
for the manger conveyor to return in a pit underneath the 
manger. This would be necessary to permit the supply con- 
veyor to discharge onto the manger conveyor. This was 
ruled out for reasons of economy and sanitation. The 
manger conveyor cannot have an overhead return and still 
have the supply conveyor unload onto it with an in-line 
building layout. 

If chain capable of flexing in two directions were used, 
the manger return could by-pass the supply conveyor dis- 
charge by coming down the wall alongside of it. Most chain 
flexing in two directions is expensive by comparison with 
agricultural-link chain. In order to use agricultural-link 
chain flexing in one plane, the conveyor system and building 
layout was finally planned with the dairy stable at right 
angles with the silos and the hay and bedding storage. This 
permits the supply conveyor to discharge inside the over- 
head return loop of the manger conveyor. This plan uses a 
single manger with a two-chain conveyor with the cows fac- 
ing in. If the cows face out, two hay storages or additional 
conveyors are needed. Large installations might justify this, 
and in large installations it may be desirable to have the 
bedding storage separate from the hay storage but of similar 
construction with a conveyor. 

In any of these applications the manger conveyor re- 
turns overhead and has one or two chains depending on 
whether the cows face in or out. 

The supply conveyor can be a single-chain conveyor re- 
turning under a false floor in the main duct of the hay 
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drier. The supply conveyor should be in two separate sec- 
tions, one in the main duct and the other between the hay 
storage and the manger. This permits inclining the latter 
section to permit delivery of the bedding 4 or 5 ft above the 
stable floor into a cart; it also permits sealing off the end of 
the main duct to permit drying of the hay. 

In the application of this conveyor system to feeding 
cows, it is presumed that all stanchions will be in use and 
that central crosswalks will be eliminated. 


Experimental Conveyor 

To discover the practicality, limitations and needed 
changes in design, a feeding conveyor system was built and 
installed in one of the University barns. A stable with an 
adjacent ground level hay drier was not available, and since 
it was felt that most problems would occur with the manger 
conveyor, the manger conveyor and a supply conveyor orig- 
inating under a hay chute were built. There were nine 
stanchions in one line. The last stanchion was rendered use- 
less by the construction of a small cleanout or chaff pit. This 
left eight useable stanchions if a cow was put in the first 
stanchion directly under the delivery end of the supply 
conveyor. 

The manger conveyor used a single No. 55 link chain 
(ultimate strength, 2800 lb) with 2 X 2 X \%-in angle iron 
flights, 20 in long, spaced 24% in apart and attached with 
type SD attachment links. The flights were put on so the 
horizontal portion of the angle iron preceeded the vertical 
portion in the travel by the conveyor. These were later re- 
versed to prevent chaff from being carried to the ceiling by 
the angle iron. In addition to the angle-iron flight, two 
wood flights % X 2% X 20 in were used and two steel 
flights having a keyhole shape in cross section were used. 

The conveyor ran on two 2 X 2 X \-in angle-iron wear 
strips imbedded in the concrete in the manger. The vertical 
portion of the conveyor, between floor and ceiling, were par- 
tially housed to make it safer and to guide the flights. The 
overhead return ran on 2 X 4 in wood skids. The drive unit 
was located at the ceiling on the pit end of the conveyor. 
The drive unit was mounted on a hinged pallet which also 
acted as a chain tightener. The manger conveyor was pow- 
ered by a ¥%s-hp capacitor motor. The coefficient of friction 
used was 0.5. 

The supply conveyor used a single No. 55 chain with 
¥, X 2%-in maple flights 20 in long, spaced 24% in apart, 
running on a matched spruce floor. The drive unit was 


Fig.2 Manger conveyor showing electric-fence trainer (Left) in 
position in front of cows and (Right) against opposite wall. Damper 
motor drive for electric fence is shown at top right 
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located on top of the conveyor at the discharge end. Take- 
up bearings for tightening the chain were located on the 
loading end. The supply conveyor was powered by a %4-hp 
capacitor motor. The coefficient of friction used was 0.5. 

Both conveyors had variable-speed drives which were 
synchronized at approximately 14 fpm. Through use and 
trial it was found that an operator, working efficiently, can 
keep up with the conveyor running at 25 fpm. 

The control circuits utilize micro-switches, and a 24-v 
transformer, low-voltage relays and push-button stations. 
The order of operation is as follows: 


1 The operator starts the supply conveyor with a push 
button in the hay storage (or silo). 


2 The operator pitches hay or silage at a uniform rate 
so that the conveyor carries a continuous depth of hay (or 
silage) sufficient for the cows. 

3 The hay (or silage) actuates a “‘paddle’’ switch in 
the supply conveyor which 


(a) Starts the manger conveyor. 


(b) Throws itself out of the circuit, since the relays are 
intermittent duty relays. 


There are two microswitches on the paddle switch, one 
which does a above, and one lagging slightly behind it 
which does b above. 

4 The operator continues pitching until signaled by a 
bell to stop. The bell is energized by a microswitch, actuated 
by a finger on a manger conveyor flight. The switch is so 
located on the manger conveyor that, if there is 32 ft of 
manger conveyor to receive hay, it rings the bell when 32 
linear feet of hay or silage, in terms of manger and supply 
conveyor length, have been pitched down. 

5 Both conveyors continue to run until the finger on a 
manger conveyor flight actuates a limit switch which 

(a) Stops both conveyors. 


(b) Throws the paddle switch back into the circuit, 
ready for the next cycle. 


The paddle switch is located on the supply conveyor at a 
distance from the discharge end of the supply conveyor 
equal to the length of the vertical run of the manger con- 
veyor plus the length of the chaff pit. The manger con- 
veyor has two switch actuating fingers on flights which 
actuate both the limit switch and the bell switch. They are 
located so that in each cycle the manger conveyor chain 
makes one-half of a revolution. The limit switch and the 


(Right) Supply 


Fig.3 (Left) Manger conveyor drive unit ¢ 
conveyor discharge 
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bell switch are located near the ceiling on the manger con- 
veyor return. 

Either conveyor may be started or stopped from a push- 
button station near the manger. This permits operation of 
the supply conveyor to bring in bedding without operating 
the manger conveyor. When so doing, however, the man- 
ger conveyor must be disconnected or the paddle switch 
will start it. This can be accomplished by swinging the 
paddle switch up out of range of the bedding. It can also 
be accomplished by inserting the relay which throws the 
paddle switch out of the circuit, in the circuit actuated by 
the push-button station, in the bedding storage, which starts 
the supply conveyor. The ‘stop’ push buttons at both the 
manger and in the bedding storage will throw it back in 
the circuit. 

For proper timing of the complete automatic cycle it is 
important, when starting the cycle, that the manger con- 
veyor was last stopped by the limit switch. The conveyor 
cycle can be interrupted by push button in the mow, silo, 
or at the manger and then started again by push button at 
these points without throwing the cycle out of phase. This 
is advantageous should the operator find that he cannot keep 
up with the conveyor because hay or silage may be so tied 
in occasionally as to slow his pace. 

In the tests the feeding of silage from a silo adjacent to 
the supply conveyor was simulated by feeding the silage 
from a cart beside the supply conveyor. This is also true for 
chopped hay and long hay since only baled hay was stored 
in the mow served by the supply conveyor. 

The design provides for ending the cycle with the sup- 
ply conveyor empty. This is necessary if the system is to 
handle hay, bedding and silage, and, incidentally, to pre- 
vent spoilage of any silage which would be left on the 
supply conveyor. 

The paddle switch must be sensitive to grass and corn 
silage, bedding and loose, chopped and baled hay. It must 
be mobile enough to ride over these materials but must not 
be affected by chaff and dust. 


Results of the Test 

The chaff pit was not wide enough to permit all con- 
veyor residue to fall into it. The single-chain manger con- 
veyor requires guide rails over the chaff pit, these guide 
rails tend to prevent complete dropping of conveyor residue 
into the pit. 

The manger conveyor chain was held up above the 
floor approximately one inch by the flights. It was found 
that the higher the chain was held above the floor the easier 
the cows could clean out under it. 


Fig.4 (Left) Supply conveyor with paddle switch looking toward 
stable © (Right) Damper motor and linkage used to drive electric- 
fence trainer 
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In an attempt to sweep the manger by conveyor action, 
two fiber brushes were attached to a manger-conveyor flight. 
The brushes tended to ride over the manger residue rather 
than carry it along to the chaff pit. Cleanliness of the 
manger was not a serious problem, however. 

The angle-iron flights tend to load up in the apex of the 
angle with a mixture of chaff and silage cemented in place 
by saliva from the cows licking the flights. The keyhole- 
shaped cross-section steel flights tend to ride up over the 
forage, particularly silage. The wood flights appeared to 
function best. 

Clumps of hay or bale slices left on the conveyor wound 
up in the drive sprocket. To prevent this a deflector was 
installed at the discharge end of the conveyor. The de- 
flector was mounted no higher than necessary to permit the 
conveyor flights to pass under it. 

The hay and silage from the supply conveyor tended to 
fall into the stall beyond the manger conveyor as it was 
discharged. This was corrected by installing a deflection 
shield on the discharge end of the supply conveyor. 

The manger conveyor was first operated without a guide 
on the feed-alley side. It was found that the chain tended 
to be pushed out into the feed alley by the hay and silage 
and improper feed distribution resulted. This was corrected 
by installing a two-inch-high wooden curb to confine and 
guide the conveyor flights. This curb simulates the wall of 
the stable as it would be when built without feed alleys. 

The cows quickly became accustomed to the conveyor 
and at no time showed undue alarm because of it. 

As expected, the cows would eat hay or silage as it went 
by on the moving conveyor. This was prevented by in- 
stalling a 6-v battery-operated electric fence in front of the 
cows. The electric fence is on counterbalanced arms piv- 
oted above the manger; it is normally on the far side of 
the manger from the cows. When the manger conveyor 
starts, the switch-actuating finger on it contacts a micro- 
switch which starts a damper motor. The damper motor 
pulls the fence into position 18 in above the manger and 
approximately 6in from the stanchion line. When the 
conveyor stops, a limit switch reverses the damper motor, 
returning the fence to the opposite side of the manger. A 
microswitch actuated by the damper motor arm energizes 
the fence when the motor starts lowering the fence and 
disconnects it when the fence returns to the opposite side 
of the manger. The cows showed no alarm over the electric 
fence and soon learned not to eat when the conveyor was in 
motion. This arrangement will not work with cows facing 
in to a common manger. It is possible with the electric 
fence circuit used in the experiment to get the action of the 
arms out of phase, but with a minor alteration in the cir- 
cuit this can be overcome. 

Chopped hay, baled hay and silage were fed satisfactorily 
on the conveyor. Long hay was tried and worked satisfac- 
torily on the manger conveyor, but on the supply conveyor 
long hay needed higher clearance than was provided by the 
design. The hay was held back by the paddle switch mount, 
the motor mount, and the deflecting shield at the discharge 
end of the supply conveyor. 

The evenness of distribution of the feed was entirely a 
function of the uniformity with which the operator pitched 
it onto the supply conveyor. 

The farm help at the University farm were not anxious 
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to use the conveyor system, since there was no motivation. 
As a result, experiment station personnel operated the 
system for the tests. 

Over approximately two months of night and morning 
feeding, the supply conveyor used 8 kwh and the manger 
conveyor 7kwh. The cost for electricity was approximately 
23¢ per month at 3¢ per kwh. 

The supply conveyor motor is % hp and the name plate 
rating is 4.5 amp. Under operating conditions, by meter 
test, it drew 3.6 amp. 

The manger conveyor is ¥3 hp, and the name plate rat- 
ing is 5.0amp. Under operating conditions, by meter test, 
it drew 3.5 amp. 

Time-and-motion studies were made to get comparative 
data on conveyor feeding versus hand feeding with various 
forages. Amounts fed per cow were 8 lb of hay and 10 Ib 
of silage. The results are as follows: 

Time in minutes 


Type of feeding Travel in feet 


Conveyor feeding 
Silage a 50* 
Baled hay 2.1 80 
Chopped hay 24 80 
Long hay 2.1 80+ 
Hand feeding 
Silage (by cart) 3.8 138* 
Silage (by basket) 4.7 232* 
Baled hay (bale opened in manger and 
slices tossed to cows) 2.3 220 
Chopped hay (by cart) 3.4 168 
Long hay 5.0 355 


*Based on assumption of a half-filled 14 x 34 ft silo. 


+Based on assumption of supply conveyor with sufficient ver- 
tical clearance for hay to pass. 


Norte: All types of hay were stored in the same mow. All time- 
and-motion studies started and ended at loading end of supply con- 
veyor. Conveyor speed, 25 fpm. 


The percent of time and travel taken for conveyor feed- 
ing as compared to hand feeding was as follows: 


Time Travel 
Silage 53.5 percent 27.0 percent 
Baled hay 91.3 22.7 
Chopped hay 61.8 47.6 
Long hay 42.0 22:5 


It was realized that the conveyor speed could be increased 
for feeding baled hay. In a test with the operator working 
at a normal rate, it was found that the conveyor speed for 
feeding baled hay can be 40 fpm. 

It must be remembered that this data applies to a single 
line of eight cows; obviously the margin of both time and 
travel between conveyor feeding and hand feeding will 
become greater as the number of cows increases and as 
distances increase. It is indicated that both time and travel 
are reduced by conveyor feeding. 


Cost of Construction 


The cost of construction will vary with the type of in- 
stallation. The drive units used in this test were designed 
for handling feed for approximately 35 cows; their cost was 
approximately $135 for component parts. They were 
equipped with sliding motor bases and split pulleys for 
variable-speed adjustment; if this feature had been elim- 
inated their cost would have been approximately $100 each 
for component parts. 

Material for the electrical control system cost approx- 
imately $35. 

The cost of the manger conveyor without drive unit and 
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not including the labor was $113 for 34 ft of manger or 
$3.32 per ft of manger. 

The cost of the supply conveyor without the drive unit 
and not including labor was $90 for a 23-ft-long self- 
contained conveyor, or $3.91 per foot of length. 

All of these costs are approximately 20 percent below 
retail costs. 


Recommendations 

It is recommended that the chaff pit be one foot wider, 
each side, than the conveyor to permit hay left on the con- 
veyor to drop into it. 

It is recommended that the manger conveyor be a two- 
chain conveyor to permit elimination of the chaff-pit guide 
rails, and, as a result, more thorough cleaning of the con- 
veyor as it passes over the pit. 

It is recommended that, with the two-chain manger con- 
veyor, wood cross flights be used and that a trial be made 
using steel cross flights made of rectangular-section bar stock. 
Steel flights are most desirable from a sanitation standpoint. 

The manger conveyor drive unit should be placed to one 
side of the conveyor or be equipped with a shield, to prevent 
chaff from the overhead return collecting on it and possibly 
affecting its operation. 

The electric fence which prevents the cows from eating 
the forage as it goes by, when applied to cows facing in to a 
common manger can be a two-part hinged device which 
when lowered by winch and gearmotor from the ceiling 
decends over the center of the manger onto a ‘“‘splitter” 
which will cause the two hinged sections to open, thereby 
covering the manger. In this application wire mesh, such as 
chicken wire, can be used instead of an electric fence wire 
or wires. 

If the conveyor system is to be used for long hay, it is 
recommended that greater vertical clearance be provided for 
the hay under the paddle switch mount, the motor mount 
and the deflecting shield at the discharge end of the supply 
conveyor. 

If an automatic silo unloader is used, the signal-bell 
switch can be used to stop the unloader. 

The location of the bell switch will vary with the par- 
ticular installation. The longer the supply conveyor, the 
closer the switch will have to be moved to it, in terms of 
conveyor travel, if the bell is to ring at the right time. If 
the supply conveyor is longer than the manger plus the rise 
of the manger conveyor chain to its return, plus the length 
of the chaff pit, the bell switch will have to be a second 
paddle switch located on the supply conveyor. 

A separate bell-actuating switch is needed for each hay 
chute and silage chute and properly located in relation to it. 
To avoid confusion from too many bell signals, the system 
should be equipped to throw into the circuit only that bell 
switch corresponding to the hay chute or silage chute in use. 
Adjusting for multiple hay chutes could be done by chang- 
ing the speed of the supply conveyor, but it would be simpler 
and more trouble-free to install the additional bell switches. 

The conveyor system of forage feeding is not recom- 
mended for installation on any farm, unless the owner is 
anxious to have it. If he is anxious to have it, there is moti- 
vation to become familiar with it and learn how to use it. 


Summary 
A conveyor feeding system for dairy cows in stanchion 
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barns was designed, built and tested at the University of 
Vermont. It consists of a manger conveyor and a supply 
conveyor. The supply conveyor runs in the main duct of the 
hay drier in the hay storage. It extends past the silo to the 
conveyor in the manger. The system has controls that permit 
the operator to start it from the silo or hay storage. The 
operator then pitches hay or silage onto the supply conveyor 
at an even rate. He is signalled by bell when to stop pitch- 
ing. The remainder of the operation is automatic. When 
the feed reaches the last cow, all conveyors stop. An electric- 
fence trainer prevents the cows from eating the feed as it 
goes past them. It swings out of the way after the conveyors 
stop so that the cows can eat. The system offers economies 
in labor as well as in building costs. By eliminating feeding 
alleys, a narrower barn is possible. The system is also adapt- 
able for use with loose housing of dairy cows. 


Tramp Iron Removal 
(Continued from page 94) 


magnet in the second position must be directly in the path 
of the material coming over the hump. 

The cost of the extrapower, ultrapower and superpower 
magnets used in these tests was $63, $75, and $95, respec- 
tively. Magnets with recessed air gaps and raised or slanted 
pole faces are not usually much more expensive. It is be- 
lieved that a satisfactory “hump” assembly for use on any 
blower line can be manufactured and sold for around $250, 
which will include the cost of the magnets. 
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Fig. 4 Chopped-hay blower line showing third pneumatic-hump design 


Perhaps the principal objection and disadvantage in the 
use of plate magnets for the removal of tramp metal in 
blower feed lines is the fact that they are not self-cleaning. 
In the past it has always been necessary for a worker to make 
a periodic check of accumulation of ferrous metal on the 
magnet. Recently, however, the Eriez Manufacturing Com- 
pany, Erie, Pa., has developed a new alarm device that con- 
stantly measures the quantity of tramp iron as it accumulates 
on the magnet’s surface. This device reacts on a circuit to 
trip the alarm as soon as a predetermined accumulation is 
reached. The alarm is optional—it could be a light, bell, or 
buzzer—and the machine on which the magnetic separator is 
mounted could be made to shut off as the alarm sounds. 
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Efficiency of Visual-Manual Cherry Sorting 


B. E Parker and D. E. Wiant 


Assoc. Member ASAE Member ASAE 


HERE are at least three aspects which should be con- 
sidered in providing illumination for a given visual 
task; namely, amount, direction, and spectral distribu- 
tion of the light. With present-day tungsten-filament and 
fluorescent lamps, there is no difficulty in providing enough 
illumination for most visual tasks. Diffuse and directional 
lighting have useful applications (1, 2)*. Likewise certain 
spectral distributions of illumination have been developed 
for color grading, color matching, and contrast enhance- 
ment (3, 4, 5). 

This paper reports a study made to determine the spec- 
tral distribution of illumination best suited to visual detec- 
tion of defective red tart cherries. The importance of 
rapid visual detection of cherry defects is enhanced by the 
short period of time within which the entire cherry crop 
must be harvested and processed. Only cherry sorting is 
discussed, but the illumination analysis might be applicable 
to other fruit and vegetable grading operations. 


Colors of Cherry Defects 


Defects of red tart cherries may be classified under the 
following three color categories: 


e Black defects; these defects are dark black and are 
usually classified as major defects (serious blemishes ) 


¢ Brown defects; these defects consist mainly of brown 
rot and darker brown spots which have not had time 
to turn completely black 


e Undercolor cherries and bruised cherries; this cate- 
gory consists mostly of immature and bruised cherries 
which are usually a lighter color than the red-ripe 
cherries. 


The dark brown and black defects generally reduce the 
grade more than lighter defects. The main efforts of most 
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The Use Made of Spectral Distribution of Illumination 
For the Visual Detection of Defective Red Cherries 


cherry-sorting operations are directed toward removal of 
a range of defects from brown rot to black (dark defects). 
Some processing plants, especially when the cherries are be- 
ing frozen, desire to remove the undercolor cherries. The 
light and dark defects will be considered separately. 


Definition of Terms 


Since the terminology used in color descriptions is 
rather complicated, a list of definitions are presented. The 
first group of terms are within the realm of physics; these 
values may be measured and presented numerically. The 
second group of terms have been classified as psychophysics 
by the Optical Society of America (6). These terms refer 
to values which may be calculated by considering the eye 
as a standardized light receptor. The accepted standard for 
calculations is the CIE standard observer.t The third group 
of terms cannot be measured precisely or calculated. They 
are listed under the heading of psychology and depend on 
perception and report of an observer. Perception will vary 
with the radiant energy received by the eye, adaptation of 
the eye, training, intent, etc. 


¢ Terminology used for measurable quantities (physics) : 


Radiance—radiant energy from a source per unit time 
per unit solid angle per unit projected area of 
source 


Irradiance—E, radiant energy incident on a surface 
per unit time per unit area 


Radiant reflectance (reflectance )—R, ratio of reflected 
to incident radiant energy. 


+CIE is the official abbreviation for the International Commis- 
sion of Illumination and stands for the French name Commission 
Internationale de |’ Eclairage. 
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RELATIVE SENSITIVITY 
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Fig. 1 Relative spectral sensitivity for daylight-adapted eye 
(CIE standard) (1) 
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Spectral distribution curve—a carve showing the rela- 
tive radiant energy at various wave lengths in the 
electromagnetic spectrum. 


¢ Terminology used for theoretical calculations of 
visual phenomena (psychophysics) : 

Luminosity function—L, the relative spectral sensi- 
tivity of the eye considered as a standardized re- 
ceptor, the CIE standard observer (See Fig. 1) 

Luminance—J> (E,.L,)d»,+ effective stimuli from a 


light source. That is, evaluation of the light source 
as to its effectiveness in producing a visual sensation, 
evaluated in terms of the CIE standard observer 


Luminous reflectances ExbyRy) dr the ratio of 
J> (EL) 
reflected to incident light evaluated in terms of the 
CIE standard observer when using a specified 
illuminant and object or surface 


Luminous reflectance ratio (contrast ratio) — 


SH(E, L Ry) the ratio of the luminous re- 
(E, Ly R, )ed 


flectance of surface 1 to that of surface 2. 


¢ Terminology used for reporting visual phenomena 


(psychology ) : 

Hue—the range of colors; i.e., blue, green, red, pur- 
ple, etc. 

Achromatic—lacking hue, i.e., white, gray, black 
series 


Saturation—the degree of departure of a chromatic 
color from the achromatic color of the same light- 
ness 


tThe subscript indicates that the variables, E, L, etc., are func- 
tions of wavelength, A. 
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Fig. 2 The 45-0 deg spectral reflectance curves (7) 
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Brightness—apparent luminance, i.e., the estimate of 
luminance made by mental perception of a speci- 
fied light source with a given adaptive state for 
the eye 


Lightness—apparent luminous reflectance. (NOTE: 
Brightness applies to illuminants and lightness to 
surfaces ) 


Lightness contrast—mental perception of lightness 
difference 


Color contrast—mental perception of color difference; 
includes hue, saturation, and lightness 


Perceptibility difference—total visual difference, in- 
cludes lightness contrast, color contrast, shape, 
surface characteristics, etc. 


Color constancy—the tendency of a person to perceive 
the daylight color of a surface regardless of the 
spectral distribution of the illuminant, within 
limits. 


Reflectance Curves for Cherries 


Reflectance curves for red tart cherries and defects were 
obtained from original reflectance curves (7) and are pre- 
sented in Fig. 2. Each of these curves is considered typical 
for the type of cherry or defect represented. The area be- 
tween the reflectance curves of the brown and black defects 
is shaded and labeled as the area for dark defects. It appears 
that reflectance curves for defects which are darker than 
brown rot lie in the shaded area which includes most of the 
major defects. The undercolor-cherry curve represents im- 
mature cherries. This curve may also be a fair approxima- 
tion of cherries which are bruised in the lug and turn a 
slightly lighter color. 


Color Contrast 


As set forth in the definitions, the color perceived de- 
pends upon lightness, hue, and saturation. From these 
three combined factors, an observer interprets the difference 
in color in surfaces, i.e., color contrast. In addition, the 
single factor of lightness variation is interpreted by the ob- 
server as lightness difference, i.e., lightness contrast. Color 
and lightness contrast represent the main components of 
perceptibility difference for objects of approximately the 
same size, shape, etc., e.g., a mass of cherries. Other 
factors, such as gloss and transparency, are of relatively 
minor importance. 


In order to evaluate the color and lightness contrast, the 
adaptation of the eye must be considered. Adaptation de- 
pends on the quality and quantity of light reaching the eye 
from all parts of the field of vision (8) ; thus color and light- 
ness of the background must enter into the analysis of per- 
ceptibility difference. 

Referring to the reflectance curves of Fig. 2, the reflec- 
tance for wave lengths shorter than 550 mu is very low for 
all curves. All curves except the black defect curve show 
increased reflectance for longer wavelengths. It may be 
surmised from these curves, as from observation of cherries 
and defects, that the difference of hue between the under- 
color, red ripe, and brown is rather small. Saturation dif- 
ferences are greater, but a large part of the color difference 
may be attributed to lightness difference. It is noted that color 
contrast includes hue, saturation, and lightness differences. 
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In addition to these statements showing the relatively 
minor role of hue and saturation differences, adaptation of 
the eyes tends to correct for changes in hue and saturation 
which are due to changes in spectral distribution of the 
illumination. This is called “color constancy’’ and is usually 
complete for object-color perceptions with ordinary changes 
in the conditions of illumination (6). There are exceptions 
to color constancy, especially for a trained observer and for 
illuminants which exhibit radical changes in spectral dis- 
tribution and for saturated object colors (8). It is sufficient 
to point out here that the adaptation of the eye tends to 
cause the observer to perceive the same object colors when 
the spectral distribution of the illumination is changed. 


If color constancy were complete, the color contrast ex- 
hibited by two objects would not change when the spectral 
distribution of the illumination is changed. However, if 
the illuminant’s spectral distributon and the reflectance curves 
of the two objects are such that greater lightness difference 
occurs under one illuminant than under the other, the adap- 
tation of the eye will not correct for the lightness contrast 
caused by change of illuminant spectral distribution (8). 
Since color constancy applies to some extent, especially if 
some illumination is present throughout the visible spectrum 
(9), and since the rather large lightness differences for 
cherry defects are not corrected by adaptation, the present 
problem may be reduced, essentially, to an analysis of light- 
ness differences. 


Lightness Contrast 


For two objects which are viewed in proximity with the 
same illumination (i.e., with a given adaptation), the light- 
ness contrast increases as the contrast ratio departs from 
unity; a contrast ratio of ¥ is equivalent to a ratio of 2/1. 
The contrast ratio, as expressed in the definitions, equals the 
luminous reflectance of surface 1 divided by the luminous 
reflectance of surface 2. In this report, the luminous reflec- 
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Fig. 3 Distribution of luminosity {unction times spectral reflectance 
of cherries or defects 
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tance of the cherry surface is used in the numerator and the 
luminous reflectance of the defect in the denominator. Thus 
the contrast ratio is expressed as follows: 

f° (E, L,R,)da for cherry 

Jo (E, b, R,,)dd for defect 


A good approximation of these integrals may be obtained 


Contrast ratio= 


by summation of (, R, L,) using narrow wave bands 


throughout the visible spectrum as follows: 


E(E, Ly Ry) for cherrys 
L(E, L,R,) for defect 


In this equation the factors L and R are constant and it 
is desired to vary the distribution of illumination, E, in order 
to produce the maximum contrast ratio. In order to clearly 
visualize the possibility of increasing the contrast ratio, the 
luminosity function was multiplied, wave band by wave 
band, by the spectral reflectance of cherries and defects. 
The resulting curves are shown in Fig. 3. These curves ex- 
press the relation of the two fixed factors and may be used 
as a guide for selecting the distribution of illumination for 
increasing the contrast ratio. 

Let us suppose that the cherries and defects which are 
represented by the curves in Fig. 2 are illuminated by a 
lamp which possesses equal energy distribution throughout 
the visible spectrum. With this assumed uniform illumi- 
nant, the areas under the respective curves in Fig. 3 represent 
luminous reflectance from the cherries and defects, and the 
ratio of the area under the red-ripe cherry curve to the area 
under the defect curve is the contrast ratio. Next, consider 
the possibility of eliminating the illumination in certain 
regions of the spectrum as a means of increasing the con- 
trast ratio. At the same time, remember that the illumina- 
tion must not be decreased too severely. From Fig. 3 it 
appears that the contrast ratio for the undercolor and brown 
defects could be increased by using the short wave lengths 


§ The summation limits from 400 to 720 mu are omitted for 
convenience. These limits are used throughout this report and are 
justified since the luminosity function, L, is practically zero beyond 
these limits. An increment of 10 mu was used for calculations. 


Contrast ratio= 
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Fig. 4 Spectral distribution of luminous flux reflected by cherries 
and defects under daylight fluorescent lamp 
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of light, up to approximately 610 mu. This would cause 
these defects to appear lighter than the red-ripe cherry. 
Likewise the contrast ratio for the dark defects should be 
increased by including only the long wave lengths of light 
from approximately 610 to 720 mu. This would result in 
dark defects and light cherries. 

From the curves of Fig. 3 and the contrast-ratio equation 
it is apparent that the spectral distribution of the illuminant 
which will enhance lightness differences may be determined 
by the following procedure: multiply the luminosity func- 
tion, wave band by wave band, by the spectral reflectance of 
the two objects concerned and plot the resulting curves. Use 
an illuminant which is especially rich in energy in that re- 
gion of the spectrum where the resulting curves exhibit the 
greatest percent difference (Fig. 3). If these curves inter- 
sect and cross, the lightness differences may be enhanced by 
providing an illuminant rich in energy in that region of 
the spectrum where these curves differ by the greatest percent 
and by eliminating light from the portion of the spectrum 
where the curves are reversed in magnitude. 

In addition to this statement, the literature provides the 
following for optimum perceptibility of lightness differences: 
¢ The surfaces should be viewed in proximity (8) 

¢ The relative fractional threshold for visual sensation 

is a minimum when the lightness of the background 
equals the lightness of the surfaces (10); i.e., uni- 
form field lightness is the optimum adaptive condi- 
tion for distinguishing lightness differences. 

Considering the importance of the background, reflec- 
tance curves were run for black, tan, and white cherry sort- 
ing belts. These curves show that the black belt most nearly 
satisfies the requirement of uniform field lightness when 
white illuminants are used. For certain chromatic illumi- 
nants the tan belt appears most satisfactory and the white 
belt is too light in color for either illuminant (7). 


Commercially Available Illuminants 

It is remembered that the primary requirements are to 
provide an illuminant which will increase the contrast ratio 
and give efficient illumination. Three illuminants, repre- 
senting a wide range of spectral distributions, were selected 
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Fig. 5 Spectral distribution of luminous flux reflected by cherries 
and defects under deluxe warm white fluorescent lamp 
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for analysis. These were: the G.E. (General Electric) day- 
light fluorescent lamp, with a large part of its radiation in 
the green and blue regions of the spectrum; the G.E. deluxe 
warm white fluorescent lamp, with considerable radiation in 
the yellow-red region of the spectrum, and the 2910 K tung- 
sten filament lamp (approximately the spectral distribution 
of a 150-w bulb), with a large amount of its radiation in the 
red region of the spectrum. Since the dark defects were of 
major importance, the luminous flux reflected from cherries 
and dark defects at various wave lengths were calculated 
for the listed illuminants. The results are shown in Figs. 
4, 5, and 6 for the G.E. daylight fluorescent, G.E. deluxe 
warm white fluorescent, and the 2910K tungsten lamps, 
respectively. Note the differences in the distributions of re- 
flected luminous flux for these lamps. The area under these 
curves represents luminous reflectance and the area under 
the red-ripe curve divided by the area under a defect curve 
is the contrast ratio. Observations of these curves show that 
the tungsten lamp possesses the greatest possibility of in- 
creasing the contrast ratio for dark defects. 


An analysis of contrast ratio (7) was made for these 
three illuminants by eliminating the light in certain regions 
of the spectrum. The results were as follows: 


¢ For light brown and under-color defects, the contrast 
ratio can be increased only slightly over that possible 
with the G.E. daylight fluorescent lamp. 


e The contrast ratio for defects which are darker than 
the brown defect may be increased by eliminating the 
illumination in that part of the spectrum from 400 
to approximately 610 mu. 


¢ Very high contrast ratios (up to 30/1) are possible 
for black defects, although the luminous reflectance 
(therefore, illumination) is reduced for the higher 
ratios. 

Available low-cost gelatine filters were obtained and 
transmittance curves were run for the filters. The contrast 
ratios were calculated for various illuminant-filter combina- 
tions and a relative measure of illumination efficiency was 
determined. The results in Table 1 show that the G.E. 
deluxe warm white fluorescent lamp has the highest eff- 


RELATIVE LUMINOUS FLUX 


20 40 60 80 20 


WAVELENGTH IN MILLIMICRONS 


Fig. 6 Spectral distribution of luminous flux reflected by cherries 
and defects under 2910 K tungsten lamp 


103 


— 
ES } $ . 
et 
. 2 | 
< 
ae ; 
Ds 3 a 
ee . e 
eae 7 
‘ae "i : 
E me 
a Bh 
i Bo | 
: ee 
ae 
best 
fF ee 
Ee 100 100 
aS aes : a a Sasa ew a St tah Ss HR: eH a ee ek oe atte 
i Ssanauass ssesadese? -'s\ssaseeee saaasnsasassesess) sisascnsas 
ae i re na | mr7) ee) Ra aS OP Oe ae WS A See wee 
ieee oS Pe ae Ree 2 aan ae fat. f | es Seat 2 Be eae ee i ak 
mod j GR KAT UR a | ef ina SS rete at aes 2 ad FO BH 1 i 
jane ST OAT i) “@ cit ts tid 2 aS wT are ca a a 
EA E 5 me | aeeseens ic ie Be ip 
a = —Saeweas ewes seen oe oc oo A ooo | 
ou 75 l te I Desseseee 7514 
By eS ae ee ee Th aa6 me os Ga x ee T inn| 508 
ae 2 eae Se REE St | t fs Was a VO © SaaS GR OBL 0S SEAN RE tO a T te 
ety: a wnwawrens s Gare St 2 oo HEH + po ‘ : ; 
= peat a SURE Hk SR a 28 ; ae + ik ie an Sar Snrens Se GIN A os + ; 
GiN 1) ee Sa Be RS. A dae LE Ba a 
sie rt ‘ees 2 ae a a NO cot 
a 50 Se soe eee ames 5 ae ee!) am i’ ES sol ; ey OR MOAT ht DARREN Ge F H — ASN 
Ge i Rae a eee ort ee Ae + a 
3 ff —— Ht ttt a ees ee Skee’ seeee ‘ 
a oS eee eee Sachin in Trainin = e | ‘ae OS ee oe —+-T-F —_ 
iat eee ++ —+—} T \ Sel dekd + 2 See +—4+—4_+- ht he —o 
bia an acer een En Sn ++ — + —— oe ee ee a = ++ 4——~—4—4- a5 
me Peeeperensonel omen medpomebmey Kae 8 +14 > j rt + + 2 ee eS eee eee ca 4 a! = 
ees See baw we ® Aw 41+ wa | oe a % Te SS EE Fe Be. Ss +1444 hen 
By 2 oF oe 1 aa 2514 OES We ‘wr me 
| | RL a OS w. sa OS ws: RO = Pres sl 6 =a 
a be RL DO Ts PSS oh a ee ie te iO ae 
va Si IRD 2 SE SH a = Ss. awe Rat oe HS ae 
SS . topo a cy ot = ——— We ~~ — + 
er +} +4 re ’ = + y > me eo a oe a ee sz 
Beals ++ —+——+ s. ee ++- —— —s Zam an on OR ee 1 
a Seaeees) aeeseee weeks et Scscgsss>” .cecacscessssnccess 3 
Bs ° “==—— «sane COPS ’, oll arti <a 
a 4 80 20 40 60 80 20 40 60 80 20 20 40 60 80 20 40 60 80 re i 
ee 400 os 500 600 700 400 500 600 wv , 
i a 


ciency but possesses lower contrast ratios than the 2910 K 
tungsten lamp. The “luminous flux reflected from red-ripe 
cherries per watt’’ is a relative measure of the illuminant 
efficiency when using lightness of the cherry as the criterion 
of measurement (Table 1). For sorting dark defects, i.e., 
the range of defects from brown to black, from red tart 
cherries, there are several possible illuminant-filter combina- 
tions which might be chosen from this table. 


From the theoretical analysis and from the analysis with 
various filters (including others than those presented in 
Table 1), it was decided to select B-7, B-11, B-23, and B- 
67 for field test. In making these selections, the contrast 
ratios, luminous flux reflected from the red-ripe cherries per 
watt, and the appearance of the cherries and defects under 
chromatic illumination were considered. 


Tests in Processing Plants 

Tests were conducted for a two-week period in three 
cherry processing plants. In the first days of the test it was 
established that filters B-7 (dark rose pink) and B-67 (fire 
red) should be eliminated because of complaints from the 
workers. They complained that the chromatic illumination 
caused excessive eye strain and sometimes headaches. In 
another limited test where filters B-11 and B-23 were used, 
filter B-11 was eliminated because filter B-23 was preferred 
by the workers. There was one complaint of dizziness re- 
ported by a worker using B-11. Filter B-23 received favor- 
able comments. Filters B-18, B-19, B-20 are also listed in 
Table 1 because these apparently would be acceptable to the 
workers. This statement is based on observations of cherries 
with these filters over the illuminant and on the transmit- 
tance curves for the filters (7). Only B-23 was tested and 
found to be free of any serious criticism from the workers. 


In the final tests, filter B-23 was tested for six 5-hr. 
periods. During each 5-hr period six samples of about 400 
cherries each were taken from the belt with the chromatic 
illuminant and from a comparison belt without a filter. Also, 
samples were taken from the same batch of unsorted cher- 
ries as they entered the plant. The tests were conducted with 
the chromatic illuminants on one belt for 2% hr and then on 


TABLE 1. CONTRAST RATIOS AND RELATIVE LUMINOUS FLUX REFLECTED FROM CHERRIES 
ILLUMINATED BY FLUORESCENT OR 2910 K TUNGSTEN LAMP WITH GELATINE FILTERS 


Relative luminous 


B-19, dk. lavender 
B-20, light purple 
B-23, med. purple 
B-67, fire red 


Tlluminant flux reflected 
from red ripe 
cherries per watt 

G.E. daylight | none ° ° . 211 

fluorescent B-7, dk. rose pink 4 ‘ . 95.6 

B-1l, med. magenta al - ‘ 68.5 
B-18, med. lavender ‘ ° " 45.5 
B-19, dk. lavender s P “ 65.0 
B-20, light purple 23.0 
B-23, med. purple m “ . 35.6 
B-67, fire red 4b1 

G.E. deluxe none B e e 253 

warm white B-7, dk. rose pink a » . 156 

fluorescent B-ll, med. magenta “ 5 é 118 

B-18, med. lavender 3.5 
B-19, dk. lavender 99.6 
B-20, light purple 35-1 
B-23, med. purple 52.4 
B-67, fire red 90.0 

2910 K none 103 

tungsten, B-7, dk. rose pink 67. 

approx. B-11, med. magenta 53. 

150-w lamp B-18, med. lavender 29. 

47. 
22. 
29. 
44, 


MA FoOavio 


(a) Filter numbers are those designated by the manufacturer: Brigham Gelatine 
Co., Randolph, Vt. 


(b) Calculations were made at 10 mu increments. 
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the other belt for 214 hr. The same number of workers was 
kept on each belt during each 5 hr period. 


Conditions under which the tests were conducted were 
as follows: 


¢ Skylight varied with the time of day and location on 
the belt up to 15 ft-c (foot candles) on both test belts. 


e Light from six 150-w bulbs varied with location on 
the belts from 53 to 130 ft-c with an average, from 
18 readings at selected locations on the belts, of 78 
ft-c. This is the comparison illuminant. 


e Light from twelve 150-w bulbs covered with filter B- 
23 produced from 15 to 37 ft-c at various locations on 
the belts with an average of 26 ft-c from 18 readings 
at the same locations as for the preceding condition. 
This is the chromatic illuminant. 


The illumination was read with a light meter which 
was not color corrected; however, a correction factor (F= 
0.5 for the chromatic illuminant) was calculated. The above 
readings have been corrected. Additional plant information 
is as follows: velocities of belts, 20.4 and 21.4 fpm; belt 
color, white but slightly stained tan; number of workers, 
four to six (the same number on each belt). 


A summary of the results is shown in Table 2. The re- 
sults of the tests compare favorably with the theoretical cal- 
culated contrast ratios. For the minor defects, there was a 
decrease in sorting efficiency of 1.4 percent (not statistically 
significant), and if we consider the reflectance curve of the 
under-color cherry as representative of these defects, this 
contrast ratio is decreased from 1/2.52 to 1/1.53 by use of 
filter B-23 (Table 1). For brown defects the increase in 
sorting efficiency amounted to 7.8 percent (not statistically 
significant) and the contrast ratio increased from 1/1.04 to 
1.50/1 for the filter. It appears that the sorting efficiency 
increased considerably for this small increase of contrast 
ratio; however, the brown defects counted at the plants 
contained some darker brown defects than used to obtain the 
reflectance curves for brown. Thus the brown defects for 
the calculations were not the same as the range of brown de- 
fects counted at the plants. For black defects there was an 
increase in sorting efficiency of 14.6 percent (statistically sig- 
nificant at the 95 percent confidence interval) and the con- 
trast ratio was increased by use of filter B-23 from 4.14/1 to 


TABLE 2. RESULTS OF TEST USING 150-W TUNGSTEN LAMPS 
WITH FILTER B-23 TO PRODUCE CHROMATIC ILLUMINATION 


r | Major defects | Total major defects 


4 


Mino: 

defec 
Percent defects in field cherries 

before sorting 4.3 

Sorted under comparison illuminant: 

Percent removed 0.76 ° 1.57 

Percent sorting efficiency 17.50 ° 18.2 


Sorted under chromatic illuminant: 
Percent removed 0.70 
Percent sorting efficiency 


Percent removed, chromatic illuminant, 
minus percent removed, comparison 
illuminant 

Percent sorting efficiency, chromatic 
illuminant, minus percent sorting 
efficiency, comparison illuminant 

Percent improvement in sorting 
efficiency using comparison 
illuminant as 100 percent 


Statistical t values for samples* 


* For statistical significance at the 95 percent confidence interval, t = 2.04. 
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8.72/1. Apparently the results for each type of defect com- 
pares favorably with the calculated contrast ratios. 

Totals of major defects (i.e., black plus brown defects) 
are also shown in Table 2. The increase in sorting efficiency 
for the total was 9.7 percent (statistically significant at the 
95 percent confidence interval). The total defects were also 
obtained by weighing the black and brown defects. This 
is the measure used by USDA inspectors at cherry processing 
plants. The data show that the percent of defects are slightly 
less when measured by weight. The difference is probably 
due to a decrease in weight for defective cherries either from 
drying or mutilation. The results show an increase in sorting 
efhciency of 10.1 percent for the totals by weight (statisti- 
cally significant at the 95 percent confidence interval). 

In the final analysis there may be some question as to 
what measure should be used for illustrating the improve- 
ment broughe about by use of chromatic illumination. Re- 
ferring to Table 2, several measures are listed: (a) the dif- 
ference in percent of total cherries removed under each 
illuminant, (4) the difference in sorting efficiency, and (c) 
the improvement in sorting efficiency using the comparison 
illuminant efficiency as 100 percent. The first criterion shows 
how many more defective cherries were removed in percent 
of total cherries moving across the belt; for example, 0.88 
percent of the total cherries (column four). The second 
shows the increase in percent of the defects removed; e.g., 
9.7 percent more of the major defects were removed 
(column four). The third shows the magnitude of im- 
provement over the comparison illuminant. For example, 
a sorting efficiency of 28.4 percent is an improvement of 51 
percent over a sorting efficiency of 18.7 percent. 

A survey of the workers using the chromatic illuminant 
(filter B-23) yielded the following information: 

¢ Did the chromatic illumination bother your eyes? 

Yes—3, no—8, better—5. The five who stated that 
the chromatic illumination was better than the com- 
parison illurnination stated so without being asked. 
¢ Can you see the defects better with the chromatic 
illumination? For black defects: Yes—14, equal 4, 
no—0. For brown defects: Yes—3, equal—9, no—6. 

¢ Do you like the chromatic illumination? Yes—11, 
equal—2, no—4. 


Summary and Conclusions 

This paper concerns the efficiency of the visual-manual 
cherry-sorting operation as affected by the spectral distribu- 
tion of the illuminant and the reflectance of cherries, cherry 
defects, and background. An analysis of perceptibility of 
cherry defects revealed that the main visual differences be- 
tween cherries and defects was due to lightness differences. 
Hue and saturation were of relatively minor importance. 
With this information, calculations were made to determine 
the possibility of increasing the contrast ratio which is used 
as a measure of lightness contrast. Field tests were conducted 
in three cherry-processing plants for the comparison of 
chromatic to white illumination. The analysis and field tests 
lead to the following conclusions (11): 

1 The lightness contrast between dark defects and red 
tart cherries can be increased by selecting the spectral dis- 
tribution of the illuminant. For undercolor defects the 
lightness contrast can be increased only slightly by changing 
the spectral distribution of the illuminant. 


1955 * February * Agricultural Engineering 


2 The 2910 K tungsten lamp (approximately the spec- 
tral distribution of the 150-w incandescent bulb) produces 
the greatest lightness contrast for dark defects of illuminants 
considered when used without filter. (See Table 1 for illu- 
minants. ) 

3 The G.E. deluxe warm white fluorescent lamp with- 
out a filter is the most efficient of the lamps considered in 
producing reflected luminous flux from the cherry surface; 
that is, it possesses the highest efficiency when one uses light- 
ness of the cherry surface as the measure of efficiency. 

4 Statements 2 and 3 also apply when using certain low- 
cost gelatine filters over the illuminants (Table 1). 

5 Red illumination produced by covering the illuminant 
with filter B-67 was unsatisfactory because some workers 
complained of headaches and eye strain when using red 
illumination. Whether these complaints were due to psycho- 
logical reactions or to physiological effects was not deter- 
mined. 

6 In general, illumination provided by covering the 
illuminant (G.E. deluxe warm white fluorescent or 150-w 
incandescent filament lamp) with the purple filter, B-23, 
was favorably received by the workers. 

7 The most favorable adaptive condition is to have a 
uniform field lightness—lightness of product, background, 
and surround being equal. In this respect a background 
darker than the product is preferable to one which is lighter. 

8 Reflectance curves for the common belting materials 
(white, tan, and black) used in cherry-processing plants 
show that the black belt most nearly satisfies the require- 
ments for uniform field lightness for white illumination. 
For illumination produced by using filter B-23 over the 
illuminant, the tan belt appears as desirable. 

9 For undercolor defects the G.E. daylight fluorescent 
lamp produced the highest lightness contrast and illumina- 
tion efficiency of the illuminants considered. 
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Curriculum Approach to the Education of 


Agricultural Engineers 
Walter M. Carleton 


should first define engineering. The following definition 

is an abbreviated form of one given by Dean George 
Hawkins of Purdue University: “Engineering is the appli- 
cation of sciences and background knowledge to the creation 
of systems of structures, machines, circuits, etc.; and the 
analysis and prediction of their behavior under specified 
conditions, in terms of men, materials, cost and time (20).* 
It may be noted that the definition includes both the tech- 
nical and the broadening or general aspects of engineering 
education. 

We must also define the needs of engineering education 
in order that we can orient our training to these ends. At a 
meetingt in Detroit, attended by representatives of both 
industry and the universities, the theme, ‘The First Five 
Years”, was dedicated to the proposition that the critical 
time in the engineer's development is the first five years 
immediately following graduation from college. Informa- 
tion presented at this conference indicated that 80 to 85 
percent of the engineering graduates are not engaged in 
highly technical design or research. Other discussions indi- 
cated that the great shortage of engineers within the next 
ten to fifteen years would be in the 15 to 20 percent of the 
engineers who are to do the technical design and research. 
For the author's purpose, he will refer to these two classi- 
fications as profession-general and professional-scientific as 
they have been characterized in the ASEE report of October 
10, 1953 (19). 

According to information contained in this report, accre- 
ditation procedures are to be stiffened in the future. There- 
fore, it seems that our topic is one which should be of 
considerable interest to all engineers. 


[: ORDER to properly discuss engineering education, we 


Material presented in this paper is the result of a rather 
intensive study of engineering education which was carried 
on during the winter terms of 1953 and 1954 in the agri- 
cultural-engineering graduate seminar at Michigan State 
College. Students in the seminar come from a large number 
of states from the east coast to the west coast, as well as 
from foreign countries. Several of them are college educa- 
tors on leave from their respective universities. The text in 
this course has been primarily the Journal of Engineering 
Education, with additional references from AGRICULTURAL 
ENGINEERING, The General Electric Review, and other sources. 


Certain assumptions have been made in formulating the 
courses of study which are presented in this paper. One of 
these is that the program of study is sufficiently flexible so 
that changes can be made to meet specific needs. 


Paper presented before the Agricultural Engineering Section 
of the American Society for Engineering Education at Urbana, IIl., 
June, 1954. 


The author — WALTER M. CARLETON — is professor of agricul- 
tural engineering, Michigan State College. 


*Numbers in parentheses refer to the appended bibliography. 


tRelations with Industry. College-Industry Conference, ‘The 
First Five Years,’’ Engineering Society of Detroit, January 16, 1954. 


106 


Objectives of Engineering Education 

The resume of literature published by industrial concerns 
as well as contacts with representatives of industry indicates 
that technical competence in engineering is only one of a 
number of abilities which are necessary for success. Of equal 
and perhaps even greater importance is the ability to work 
with others and to express thoughts clearly both in the 
written and oral forms. 


The objectives of engineering education may be generally 
classified as follows: To establish technical and professional 
competence, and to instill in the student a desire to apply 
his profession and himself to the betterment of society. Dean 
Roy M. Green of the University of Nebraska (16) indicates 
that complete competence in engineering would include (a) 
an understanding of mathematics and the physical sciences; 
(6) an understanding of economics and finance; (c) an 
understanding of the fundamentals of human conduct and 
the principles of management; (d) facility in the forms of 
expression; (e) an understanding of the evolution of social 
organizations; (f) familiarity with the great documents of 
arts, morals, and religions; (g) an appreciation of the obli- 
gation of citizenship, and (4) an enthusiasm for learning. 
Quoting Dean Green (16), “It should be recognized that 
such competence is the goal of a lifetime and not that of an 
academic period alone. Educational institutions have never 
been and probably never will be able to equip the student 
with the complete fund of knowledge and techniques which 
will permit him to function as a professional engineer. The 
objective should be to gain the fundamentals upon which 
engineering is built, relying upon the developed interest of 
the individual to carry him toward his objective of profes- 
sional competence. For any individual to be and to remain 
professionally competent, it will be necessary that he keep 
abreast of new developments and to grow intellectually and 
culturally after graduation.”” It seems to the author that in 
the eight points enumerated, Dean Green has very well 
covered the objectives of engineering education. 

We recognize that instructional techniques are always 
changing. There seems to be a well-ordered trend in engi- 
neering education toward emphasis upon the use of funda- 
mental principles which will permit the solution of as yet 
unstated problems. If the student can be encouraged to 
develop initiative to think in terms of scientific generaliza- 
tions, to keep abreast of new developments, and to grow 
after graduation then the educational institutions have been 
successful. 

A well-coordinated program of instruction also offers 
the possibility of teaching both technical and broadening 
courses at one time. Hancher (11) and Barnard (12) dis- 
cuss this possibility with the suggestion that perhaps the 
European universities have something to offer in this line of 
approach. Apparently the technical and broadening instruc- 
tion in those universities have been coordinated since there 
exists very little of the liberal arts college organization as it 
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PROPOSED CURRICULUMS FOR AGRICULTURAL ENGINEERS 


Ereshman Year . 
Professional Professional 
General Scientific 
Class.” Tern Tern 
No. Subjects a Subjects 1 2 3 
1 Math. 4 & & s & 4 
8 Comm, skills . a a 3 3 3 
2 Chemistry, gen. 3 3 - (First year same 3 3 - 
2 Nat. sci. 4 & 4& for both curriculums, 4 . . 
3 Engineering draw, - 2 - Detailed counselling - 2 - 
5 Shop work - = 3. and consultation to - - 3 
5 A-E tech. lect. 1 - <- take place here to 1 - - 
4 Engr. orientation - - 1 orient more techni- 7 7 1 
10 Military science 1 1 1 cal students to pro- 1 1 1 
10 Phys. ed. 1 1 1 scientific curricu- § 1 1 
17 18 17 17 18 17 
“W Numbers refer to the classification of subjects in the Summary of Courses. 
Sophomore Year 
1 = Math. hk & s h & (3) 
2 Physics a oe “ 4 . 
3 Statics 3 - - 3 - . 
3 Dynamics - 3 = (Only difference in - 3 - 
3 Str. of materials - = 5 sophomore year is - - 5 
3 Hydraulics - 3 - differential equa- ~ 3 - 
3 Surveying - - 4& tions.) - - + 
6 Soils e « § 3 - - 
3 Engr. sketching =. a) ie - 2 - 
8 Tech. English i 3 - - 
10 Military science > 2 oe 1 1 1 
10 Phys. ed. 1 1 1 1 1 1 
18 16 18 az io BW B 
* Differential equations 
Junior Year 
3 Thermo 3 - - 3 ° e 
3 Des. geom. - 3 - o 3 e 
3 Heat transfer - - & - - 4 
4 Engr. econ. 7) a - - 3 
5 Crop proc.(a) - & Be > eee 
4 Engr. analysis(a) a oa - 3 - 
5 Farm structures, 
design 5. ae? = y. ss. se 
6 Production of foods and 
fibers from plants(b) 3 - - 3 - . 
9 Elem. of supervision - 3 - 3 - 
3 A-C and D-C theory i (ae 
4 Machine shop - - 
9 Business law - 3 - 
6 Food prod. from ani- 
mals and poultry(c) er 
5 Ag. machines a 
ll Adv. milt. or 
elective(d) a a 
Class, 
No. 
e Physical chem. 4 ~ . 
3 D-C measurements 3 - ~ 
3 A-C measurements - 3 - 
3 Electronics - 7 3 
ee ee ee ee ee ee ee 
11 Elective 3 - - 2 - ° 
18 8 19 6 9 


(a) New courses not generally in existence now. 

(b) A course designed to acquaint the agricultural-engineering student with 

“i factors affecting the engineering use and management of crops. 

(c) A course designed to acquaint the agricultural-engineering student with 
engineering factors affecting the production of animals, dairy and 
poultry. 

(4) If the professional-scientific student elects advanced military, it will 
be necessary for him to go one extra quarter. 


Senior Year 
7 Humanities 4 &k & 4 4 4 
5 A-E seminar 1 - - 
+ Machine design hoe - s o in 
5 Soil & water eng. - - & e " 4 
5 Planning ag. struc. 2 - - 3 
5 Rural elect. a o h a 
5 Tractors - & - e hee - 
5 Fustd, utilities - - 3 2 some 
6 Farm managem't. , = « 3 o pd 
5 Drainage * 
1 Adv. mil. or elect. So; Bs 
ll = Elective i. Sa 
ama oe mw eee ese ee oe ele ee lm le ee So ee 
¢lass. 
No. 
5 Ag. machines - - 3 
2 Modern physics “ 4 e 
u Elective 2 - 3 
18 18 17 86 19 WY 


** Optional substitution for these courses fram electives such as the following: 


Nuclear energy 3 Int. comb. eng. 3 
Advanced mechanics 4 - 3 Time & motion study 3 
Exp. stress anal. 3 Math. of engr. 3-3 
Vibrations 3 Statistics 3-3 
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is known in the United States. If such joint instruction is to 
be carried on, it necessarily follows that teachers must pos- 
sess complete competence in engineering as defined by Dean 
Green. It would also necessitate the constant review of 
teaching and course objectives. 


Agricultural Engineering Undergraduate Curriculums 

There are in various agricultural engineering depart- 
ments in the United States at least four curriculum ap- 
proaches to the education of an agricultural engineer: (a) a 
four-year program without specialization in a particular 
field, (b) a four-year program with option for a special study 
in some particular field, (c) a four-year program with a 
degree in agriculture plus a fifth year for a degree in agri- 
cultural engineering, and (d) a five-year program toward the 
degree of agricultural engineering with or without options. 
Observations of the performance of graduates from these 
departments seem to the author to indicate that these curri- 
culums are basically sound. 

Regardless of the approach followed, the curriculum 
should be constantly reevaluated in the light of new knowl- 
edge. The criteria for any course should be its estimated 
lasting value, that is, its content of basic principles which 
apply to engineering. 

The ASEE report (19) suggests the possibility of ‘‘bi- 
furcation’’, that is, the creation of a separate course of study 
for those students who wish to be, and are capable of being, 
more technically trained. Discussions at the author's school 
did not indicate the engineering faculty to be favorably 
inclined to this method of approach and reports indicate 
that this was also true at other universities. The author does 
not believe that bifurcation is the correct approach but does 
believe that the so-called professional scientific curriculum 
should be made available under limited circumstances. A 
suggested professional-scientific curriculum, as well as a 
method of making this curriculum available, is presented in 
this paper. However, the author does not favor the devel- 
opment of curriculum accreditation of different degrees as 
suggested in the ASEE report (19). 


The accompanying two four-year curriculums were pre- 
pared and are presented for consideration. They have been 
prepared on a year-by-year basis and have been summarized 
and classified according to areas of study. The courses sug- 
gested for the pro-general program are justified on the basis 
that they will contribute to the larger percentage (80 to 85 
percent) of engineers which will go into less technical design 
or general engineering work. The courses for the pro-scienti- 
fic program are justified on the basis that the students will be 
carefully screened and will be capable of, and interested in, 
progressing toward the more technical and scientific type 
of career, probably with research or educational institutions. 


A study of the pro-scientific curriculum shows that sev- 
eral of the subjects are presently included in many of the 
programs for master’s degree candidates. Recognition should 
then be given to the graduate program as a way of increasing 
both technical competence and breadth of training. 


The accompanying curriculums for the freshman year are 
exactly the same. Note that the freshman year and the earlier 
part of the sophomore year should be complete with detailed 
counseling and consultation designed to separate the more 
technical students from those who desire the more general 
type of engineering education. It should also be noted that 
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both are good engineering curriculums and will provide 
men who will be capable of solving engineering problems. 

The curriculums as suggested for the sophomore year 
vary only in that differential equations has been added to 
the professional-scientific curriculum. This course comes the 
third quarter of the sophomore year, and therefore the stu- 
dent does not have to make the final selection of the curri- 
culum until the last quarter of the sophomore year. Note 
also that it was considered undesirable to eliminate any of 
the mathematics, physics, statics, etc., which exist in the 
present curriculum. 

The largest difference between the two curriculums oc- 
curs in the junior year. The professional-general curriculum 
includes a course in a-c and d-c theory as generally found at 
present. In addition there are courses in machine shop, in 
business law, elements of supervision, agricultural machines, 
and some electives. A new course— Food Production from 
Animals and Poultry—is a combination course different from 
that ordinarly found at the present time. The idea is that the 
agricultural engineer needs a course which emphasizes the 
engineering factors of animal husbandry, dairy, and poultry, 
rather than methods of judging animals, crops, etc. The 
professional-scientific curriculum includes courses in phys- 
ical chemistry and fluid mechanics, as well as courses in d-c 
and a-c measurements and electronics which it is felt will be 
exceedingly useful for the man who expects to engage in a 
research program. Actually these courses are recommended 
at the present time for many of the agricultural-engineering 
graduate students at Michigan State College. The courses in 


Class. Classification 
(area of study) 


Mathematics 

Physics & chem. 
(sciences) 18 

Basic eng. 2 

Eng. applications 
(general) 

Ag. eng. applications 

Agriculture 

Humanities 

English 

Business 

Phys. ed. & military 

Electives 


DY) 

°o 

m 
we 


FPOWRNAW FW 
1n~~oritirr 
 Orwiwieint 
Bi ars now 
Birt Rue 
tnArorrer 
+ Ar~r_wiweie 
WIEWE EWAN BA 
wit thbuBe 


ee 


Totals of credits required 52 52 55 53 212 52 55 5% 5h 215 


electrical measurements are classified as basic engineering, 
although at the present time there are similar courses in both 
the physics and electrical engineering departments. 

The course of study for the senior year is similar for 
both curriculums. It is suggested that the individuals who 
prefer soil and water work might take the additional course 
in drainage while the professional-scientific curriculum 
would include at least two courses in modern physics, which 
it is felt are highly desirable for the research person. It is 
also suggested that the second courses in structures, power 
and machinery, and rural electrification might well be re- 
placed, in the professional-scientific curriculum, by addi- 
tional courses such as nuclear energy, experimental stress 
analysis, vibrations, time-and-motion study, mathematics of 
engineering and statistics. Such courses would probably be 
more desirable for the future research engineer than second 
courses in any particular area of agricultural engineering. It 
is suggested, however, that both the professional-general and 
the professional-scientific curriculums should include not less 
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than one subject in each of the recognized fields of agricul- 
tural engineering. 

The general difference between the two curriculums is 
that the professional-general student is permitted more of the 
broadening and application courses which will permit him to 
function with the expected wider field of interest in admin- 
istration. It should also be recognized that the use of elec- 
tives to permit flexibility in the curriculum obviously places 
a much greater responsibility on the engineering staff for 
effective counseling. The student should have at his dis- 
posal various approved patterns of electives. If the counsel- 
ing is inadequate, the student may be led to feel that he has 
a hodgepodge of courses which may result in frustration and 
contempt for the whole curriculum. 


The author firmly believes that adequate and proper 
counseling is the key to success in determining the students 
who should enter the pro-scientific curriculum. Quite likely 
the number will be small. Observations by the author lead 
him to believe that only a small percentage of students know 
by the end of the sophomore year what life work they intend 
to follow. 

The nature of the pro-scientific curriculum and the type of 
individual expected to participate in it makes it a logical 
entree into graduate study. However, the present system of 
one or more years of graduate work for any competent indi- 
vidual is an excellent way to increase tehnical knowledge 
and to attain greater breadth of training. 


If the professional-general student desires to take ad- 
vanced military, sufficient electives are provided for that 
purpose. However, if the professional-scientific student 
wishes to take advanced military, he should consider it a 
second objective for which additional time must be spent. 


Summary 


1 The present curriculum in most accredited institutions 
is still a good one. 

2 The master’s degree work provides an opportunity for 
increasing technical competence and for some broadening. 

3 More important than the course titles are (a) the 
course content and (4) the teaching of the course. 


4 A proper balance must be maintained between broad- 
ening and specializing courses. The balance must be con- 
stantly readjusted in line with new developments as well as 
for the personality and ability of the individual student. 

5 It is suggested that the courses in agriculture be con- 
fined to the sophomore or junior years in order that the basic 
science courses may first be presented as background for 
other courses to follow. 

6 Broadening courses are certainly useful and neces- 
sary, but unless the proper instructor is available they prob- 
ably will be insufficient. 

7 One objective during all the formal schooling should 
be to stimulate the student to continue his education after 
graduation. 

8 Industry should actively encourage the engineer to 
continue his education. 

9 There should be some flexibility in programs to meet 
individual needs. 

10 The suggested method of specialization gives the 

(Continued on page 112) 
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Capacity of Soil to Hold Moisture 


Dale R. Shockley 


available for the maintenance of rapid crop growth is 

an important consideration in the design of an irriga- 
tion system and in the formulation of recommendations for 
improved water-application techniques. It is, of course, pos- 
sible to determine by laboratory tests the total amount of 
water that a given soil profile will hold between field ca- 
pacity and the wilting point. However, additional informa- 
tion is needed on how much of this moisture is readily avail- 
able for the maintenance of rapid crop growth. Such data 
are needed to classify the different irrigated soils properly, to 
estimate the maximum period between irrigations, and to 
estimate the maximum allowable moisture withdrawal be- 
fore irrigation. 


Te capacity of a soil to hold moisture that is readily 


Divergent opinions exist among people engaged in re- 
search on this subject. However, from a review of available 
literature, it appears that the evidence is preponderantly 
in favor of the hypothesis that 25 to 50 percent of the avail- 
able moisture is vot readily available for the maintenance of 
rapid crop growth. An excellent review of literature on this 
subject has been presented by Richards and Wadleigh (4) .* 


Progress to Date 


The total readily available moisture (TRAM) capacity 
of the various soils in the four states of Arizona, Colorado, 


Paper presented at the winter meeting of the American Society of 
Agricultural Engineers at Chicago, Ill., December, 1953, on a pro- 
gram arranged by the Soil and Water Division. 


The author — DALE R. SHOCKLEY — was formerly acting chief, 
engineering practices division, Region 6, Soil Conservation Service, 
U.S. Department of Agriculture. 


*Numbers in parentheses refer to the appended bibliography. 


Root Zone Depth -0 
25% 0 | 25% 0 | 25%0 | 25%0 


2 
<a 
- 
° 
- 
~ 
z 
— 
° 
« 
w 
a 
' 
7 
° 
< 
4 
o 
om 
w 
w 
4 
> 
in 
g 
° 
= 


ROOT ZONE DEPTH - PER CENT OF TOTAL 


PER CENT OF PER CENT OF 
TOTAL ROOT ZONE TOTAL MOISTURE 
DEPTH EXTRACTED 
40 
vo 
90 
100 


Fig. 1 Basic moisture extraction pattern 
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A Method for Estimating Total Readily Avail- 
able Moisture to Maintain Rapid Crop Growth 


New Mexico, and Utah, which are covered by Region 6 of 
the Soil Conservation Service has been a subject of discus- 
sion for several years. In February, 1949, a meeting was 
held in Salt Lake City, Utah, to discuss an outline for the 
preparation of technical guides. The relative ability of 
different soils to hold water that was readily available for 
the maintenance of rapid crop growth was one of the items 
considered in the classification of irrigated lands. Diebold 
and Williams (2) had presented data from irrigation trials 
run in New Mexico, which showed that the net gain in 
soil moisture decreased rapidly from the upper to the lower 
portions of the soil profile. This information was used as 
a basis for estimating values of total readily available mois- 
ture. Arbitrary delineations were made in the profile and 
root zone depths to facilitate the tabulation. 

By 1951, considerably more information on this subject 
was available from additional irrigation investigations and 
field irrigation trials. The tabulation of soil moisture-hold- 
ing capacities was then revised, but the revised values were 
still influenced by: (a) the belief that the amount of water 
readily available for the maintenance of rapid crop growth 
was considerably less than the total moisture capacity be- 
tween the wilting point and field capacity, (4) an arbitrary 
breakdown of the soil profile based on average conditions, 
and (c) the consideration of only two root zone depths. 


Analyses of Available Data 


Early in 1952 a report was received on the research work 
Stephen J. Mech (3) had been doing at Prosser, Wash. His 
findings on moisture-extraction patterns for different irri- 
gated crops in a deep, fine sandy loam soil varied consider- 
ably from the old idea of moisture use being proportional to 
root distribution. Karl Harrist had developed similar in- 
formation regarding moisture-extraction patterns for vari- 
ous irrigated crops grown in deep, clay loam and silty clay 
loam soils in central Arizona. Charles H. Diebold (1) had 
measured moisture use for each foot of depth of the root 
zone, as part of the data obtained from irrigation trials he 
had run in various parts of Region 6. 

A method for comparing the moisture-extraction data 
for root-zone depths varying from 3 ft to 10 ft presented a 
problem. As an experiment, all the root-zone depths were 
divided into 25-percent segments and the percentage of the 
total extracted moisture that came from each segment was 
computed by interpolation. There appeared to be a relation- 
ship, so the values obtained for all crops and root-zone 
depths were plotted and a general moisture-extraction-pat- 
tern curve was developed. 

These basic data were shown to operations and research 
people in the Soil Conservation Service and later to many 
interested people outside the Service. As a result of this 
preliminary review, additional data covering many of the 
irrigated areas in the western states were made available. 


+Karl Harris, project supervisor, division of irrigation engineer- 
ing and water conservation, U.S. Soil Conservation Service (Re- 
search), Phoenix, Ariz. (Unpublished charts on moisture-extrac- 
tion patterns for various irrigated crops). 
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From an evaluation of all the avatiable moisture-extrac- 
tion data, the conclusion was reached that practically all irri- 
gated crops had a common moisture-extraction pattern even 
though the soil varied widely in texture or depth. The 
pattern which developed indicated that, of the total mois- 
ture extracted from the soil by the crops, about 40 percent 
came from the upper quarter of the root zone, 30 percent 
from the second quarter, 20 percent from the third quarter, 
and 10 percent from the bottom quarter (Fig. 1). Indi- 
vidual crop values in general were within +10 percent of 
these figures. 

The study included such irrigated crops as alfalfa, cot- 
ton, potatoes, sugar beets, corn, wheat, barley, sorghum, flax, 
soybeans, guar, grapefruit, oranges, dates, and pears grown 
in soils varying in texture from loamy fine sands to silty 
clay loams, and varying in depth from less than 3 ft to 
around 10 ft. 

A table has been prepared to facilitate the use of the 
basic data. Root-zone depths from 1 ft to 10 ft have been 
subdivided into 6, 12, or 24-in increments (approximately 
25 percent of the depth) and the percent of the total ex- 
tracted moisture that a plant will take from each layer has 
been determined by direct interpolation from the curve 
(Table 1). 


TABLE 1. MOISTURE EXTRACTION PATTERN 


(Percent of total moisture extracted by soil layers) 


Root zone depth 
Soil ~ nches 
layers 10 9 8 7 6 51/54 8B be 36 30 2 18 12 
0-6 in 33. 40 51 70 
6-12 in 33 36 ko 45) 65510 6260 6300 «3K 30 
12-18 in 20 20 15 
18-28 in 33 36 40 45 51 2% 2 30 32 34h Ww 10 
24-30 in ? 
30-36 in 2 21 20 19 #15 
36-42 in 4 
42-46 in 26 28 30 32 3h Ww 

7 


wh 
~ 
oO 


48-54 in 
54-60 in 
5-6 ft 20 21 20 19 15 


6-7 ft 4 
7-8 ft i 12 10 

8-9 ft 3 

9-10 ft 7 


One idea lead to another. If, as these basic moisture- 
extraction data indicated, practically all irrigated plants had 
a common moisture extraction pattern not specifically re- 
lated to soil texture or depth, perhaps this information could 
be used to determine the limitation of the amount of water 
in the root-zone soil profile which was readily available for 
the maintenance of rapid crop growth. It appears logical 
that, when essentially all the available moisture (field ca- 
pacity to wilting point) is removed from 20 to 30 percent 
of the root zone soil profile, the plant would be unable to 
extract sufficient moisture from the remaining portion to 
maintain rapid crop growth during periods of maximum 
transpiration. The plant roots in each portion of the root 
zone might be considered to be individual pumping units 
operating at top efficiency. If one pumping unit is stopped, 
or its water supply fails, the remaining units will be unable 
to deliver the additional water required to maintain a full 
supply to the plant. An increase in the demand on the re- 
maining operating units will result in an increase in the 
pumping head—in this case moisture stress—and a decrease 
in quantity delivered. The plant would live for some time 
after this condition was reached but growth would be re- 
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tarded. On this premise a table of estimated total readily 
available moisture (TRAM) values was set up, based on 
the available moisture (AM) in inches per foot for each 
soil texture and the percentage of total moisture the plant 
extracts from each 6, 12, or 24-in (approximately 25 per- 
cent) layer of the root zone profile. (Tables 2 and 3). 


TABLE 2. AVAILABLE MOISTURE (AM) 
(Field capacity to wilting point) 


Mapping Texture or Available moisture, 
unit material inches per foot 
Range Avg.* 

1 Pine (over 40 percent clay) (clay, silty clay, 

sandy clay) 1.6-2.5 2.3 
2 Moderately fine (27 to 40 percent clay) (silty 

clay loam, clay loam) 1.6-2.5 2.2 
3 Medium (40 percent or more silt) (silty loams, 

silt loam) 1.6-2.5 2.3 
3 Medium (0-39 percent silt) (sandy clay loam, loam, 

very fine sandy loam, and fine sandy loams and 

sandy loams containing less than 70 percent sand) 1.39-2.4 1.9 
4 Moderately coarse (fine sandy loam and sandy loam 

containing more than 70 percent sand and loamy 

fine sand) 1.0-1.5 1.2 
5 Coarse (less than 95 percent sand) (loamy sand, fine 

sand, coarse sand 0.8-1.0 0.9 
03 Gravelly medium textured (15 to 35 percent gravel) 0.9-1.5 1.2 
33 Very gravelly medium textured (more than 35 percent 

gravel) 0.6-0.9 0.7 
i Gravel and/or cobble with medium-textured matrix 1.0-1.5 1.2 
K Gravel and/or cobble embedded in high lime zone 1.0-1.5 1.2 
G Gypsum 1.0-1.5 1.2 
L Marl or soft caliche 1.0-1.5 1.2 
7 Sand (95 percent or more sand) 0.6-0.8 0.7 
J Gravel and/or cobble with coarse texture (more than 

30 percent gravel or cobble) 0.6-0.8 0.7 


* Use for design unless specific value is known, 


Table 3 is so arranged that any known AM values may 
be used. This table shows the TRAM value for various root 
zone soil profiles. To use the table the effective root-zone 
depth and the depths at which the soil texture changes occur 
must be known or assumed. An example of the calculations 
for setting up the table follows: 

If a crop with a 5-ft root zone is grown in a uniform, 
medium-textured loam soil with an available moisture con- 
tent (AM) of 1.9 in per ft (Table 2), the plant would be 
expected to extract 33 percent of its moisture from the top 
12in or 20 percent of the root-zone profile (Table 1). 
Dividing 1.9 by 33 and multiplying by 100, the total mois- 
ture in the 5-ft profile that is readily available to maintain 
rapid crop growth (TRAM) is found to be limited by this 
top layer to 5.8 in. A similar check on lower-lying layers 
will show that for this uniform soil the top layer is the 
limiting factor. For soils having a coarser textured subsoil 
or substratum than the surface, the limiting factor may be 
in a layer somewhere below the surface. Soils having finer 
textured subsoils than the surface soils are invariably limited 
by the surface soil. 

An example of how to use Table 3 to determine the 
TRAM value follows: 

Assume a loam surface soil (0 to 1 ft depth), a fine 
sandy loam subsoil (1 to 3 ft depth), and a loamy sand sub- 
stratum (below 3 ft depth). Assume further a plant with 
a mature root system extending to the 60-in depth. 

In Table 3 the TRAM value for a 60-in root zone is 
limited by the 0 to 1-ft layer of loam soil to 5.8 in (inter- 
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polate between AM values of 1.8 and 2.0). The TRAM 
value as limited by the 1 to 2-ft layer of fine sandy loam is 


only 4.6 in, which is less than the value found for the top 
TABLE 3. TOTAL READILY AVAILABLE MOISTURE (TRAM), INCHES OF WATER 


(For Root Zone Profile As Limited by Texture of Soil Layers) 


Soil Available moisture (AM) in inches per foot 
layers 2h 2.2 2.0 ts 1. is if 2.0 OG. 0.6 
12-in root zone 
0-6 in 
6-12 in 
18-in root zone 
0-6 in 24 2.2 28 625 28 is 22 1.0 08 0.6 
6-12 in 3-5 3.2 3.0 1.8 1.2 0.9 
12-18 in 2.7 | 2.0 
0-6 in 
6-12 in 
12-18 in 
18-24 in 


30-in root zone 
2.7 2.4 2el l. 
2. 


6-ft root zone 


0-2 ft 4 8.6 P a 6 TF 2.4 

2-h ft 14.1 12.9 on 82 Tl a 3.5 

4-6 ft - 10.7 L8.0 

-ft root zone 

O-2 ft 8 8. Ro 745 we SS ba 36 227 

a-4k ft 1 11.2 |10.0 8.8 . 6.3 5.0 3.8 

4-6 ft - 14.8 12.7 [10 8.4 6 

6-7 ft - 
8-ft_root_zone 

O-2 ft 12.0 11.0 10.0 -0 8.0 7.0 6.0 é 3.0 

2-4 ft il 12.0 [10 4.0 

4-6 ft 18.0 16.0 14.0 12.0 6.0 

6-8 ft = 20 
9-ft root zone 

O-2 ft . = 10.0 8.9 7.8 m x ; . 

24 ft TE Bet B38 1.22, 

4-6 ft - 2.9 199.0 17.1 15.2 113.3 

6-8 ft 

8-9 ft « 
10-ft root zone 

O-2 ft 14.6 4 10.9 9.7 8.5 6 4 6 

a-k ft 18. 13.9 12.3 10.8 7 6 6 

4-6 ft 18.0 16.0 [14.0 1 fe) 8 e) 

6-8 ft 4 aS 6 

8-10 ft - 


NOTE: Values below line are rot limiting; used only to obtain aver- 
age value where texture changes occur within an indicated layer. 
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foot, and therefore will govern. The TRAM value as lim- 
ited by the 2 to 3-ft layer of fine sandy loam is larger than 
the limiting value for the 1 to 2-ft layer, and therefore does 
not govern. The TRAM values as limited by the 3 to 4-ft 
and 4 to 5-ft layers of loamy sand are also larger than the 
4.6 in and do not govern. 


The TRAM value for the above described root-zone soil 
profile is therefore determined to be 4.6 in and the limiting 
layer occurs at the 1 to 2-ft depth. By the time the plant 
extracts 4.6 in of moisture, this 1 to 2-ft layer will have re- 
leased essentially all of its available moisture. 


A comparison of the TRAM value (Table 3) for a 4- 
ft root-zone depth in a uniform textured soil with the TAM 
(total available moisture in the root zone profile) value ob- 
tained by multplying the AM value (Table 2) for a similar 
textured soil by 4 will show that 62.5 percent of the total 
available moisture in the profile is readily available for the 
maintenance of rapid crop growth. This checks quite closely 
with the results Mech reported. It may partially explain why 
he got a decreased production on his dry plots. 

A series of soil profiles have been plotted to show total 
available moisture. These examples show how various por- 
tions of the root-zone soil profile may limit the amount of 
total readily available moisture (Fig. 2). 

The TRAM values for the various root-zone soil profiles 
do not provide any safety factor to compensate for inac- 
curacy of soil moisture determinations or for a possible time 
lag before irrigation water is applied. It is believed that, 
knowing the TRAM value for a given root-zone soil profile, 
this value should be discounted by about 1 in in recommenda- 
tions for frequency of irrigation-water application. This 
will allow a safety factor of from 3 to 5 crop-growth days. 

The many helpful suggestions and constructive criticism 
offered by Theron B. Hutchings, acting chief, Regional 
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Fig. 2 Soil profiles showing total available moisture and total readily 

available moisture as limited by available moisture in various por- 

tions of the profile. Width of diagram shows AM, gross area shows 
TAM, hatched area shows TRAM 
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Soil Survey Interpretation Division, were invaluable in the 
development of this theory. Information and suggestions by 
many Soil Conservation Service operations and research peo- 
ple and others who reviewed the first draft have been in- 
corporated in this revised writeup. There still is not enough 
data to completely support all the values shown. The avail- 
able data indicate, however, that the general relationships 
are sound and that a very close estimate of TRAM may be 
obtained for many of the better irrigated soils. 


Additional information is especially needed on root 
growth and moisture extraction from the very fine-textured 
soils and for fine to medium- textured surface soils underlain 
by a coarse-textured subsoil or substratum. A water table 
in or near the normal root zone may change the moisture 
extraction pattern quite drastically. 


Summary 


1 Available moisture (AM) is the moisture-holding 
capacity of a given soil between the wilting point and field 
capacity expressed as inches depth of water per foot of soil. 
It is a physical characteristic of a given soil and is constant. 


2 Total available moisture (TAM) is the sum of the 
AM values for each foot of the root-zone soil profile, ex- 
pressed as inches depth of water. It is a physical charac- 
teristic of a given soil profile limited in depth to a given 
crop root zone. 

3. Total readily available moisture (TRAM) is the 
amount of moisture in a given root-zone soil profile readily 
available for the maintenance of rapid plant growth, ex- 
pressed as inches depth of water. It is a physical characteris- 
tic of a given soil profile limited in depth to a given crop 
root zone and also limited by the relation of the various AM 
values for that soil profile to the mossture extraction pattern. 


4 Most irrigated crops have a common moisture-extrac- 
tion pattern with about 40 percent of the extracted moisture 
coming from the upper quarter of the root zone, 30 per- 
cent from the second quarter, 20 percent from the third 
quarter, and 10 percent from the bottom quarter. 


5 When the available moisture in a significant portion 
(approximately 25 percent) of the root-zone profile is ex- 
hausted, the plant will be unable to extract sufficient mois- 
ture from the remaining portion to maintain rapid crop 
growth during periods of maximum transpiration. 


6 TRAM is limited to the amount of moisture that may 
be extracted from the root-zone soil profile before the avail- 
able moisture content of a significant portion (approxi- 
mately 25 percent) of the soil is exhausted. This is gov- 
erned by the texture of various layers of the profile and the 
moisture-extraction pattern. 


7 TRAM values should be discounted by about 1 in to 
allow for a safety factor. 
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Curriculum Approach to Educating 
Agricultural Engineers 


(Continued from page 108) 


benefits of bifurcation without some of the undesirable 
features. 


11 The courses in agriculture should be aimed more 
toward the presentation of engineering factors affecting the 
production of agricultural products. 


12 There are in the two suggested curriculums an equal 
number of credits in humanities and English. 


13 The success of the suggested curriculums will de- 
pend very greatly upon the quality and quantity of counsel- 
ing which is provided the student in order that he may 
properly make his decision as to which course to follow. 

14 The professional-scientific student who elects ad- 
vanced military should consider it as a second objective and 
should expect to spend additional time to complete the 
curriculum. 
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Are you enjoying the economies of the 
new Link-Belt “AG” roller chain? 


ou asked for it...and here it is: A true roller chain that com- 


No one chain serves every purpose... bines low cost with the advantages of standard double-pitch 
— roller chain so important to farm implement drives and conveyors. 


get the RIGHT one And it intercouples and is interchangeable with ASA double-pitch 
from Link-Belt’s complete line roller chain. 
—— Like all Link-Belt chain, it’s built to outlast, out-perform others in 
its class. Manufacturing refinements, such as closer heat treat control 
and controlled press fits, assure maximum wear life. What's more, 
“AG” roller chain has Link-Belt’s famous /ock-type bushings. This 


teel : pa ; 

Link-Belt special process locks the inside sidebars on the bushings more 
Double é 
aha securely than conventional methods, eliminates a common cause of 
Precision stiff chain. 


Steel There’s no need to delay changeover. “AG” chain is made with both 
straight and relieved sidebars for conveyor and transmission applica- 
tions in 1”, 144”, 114” pitches. To get complete information, call 
the Link-Belt office near you. And remember—no matter what your 
drive or conveyor requirements—you'll find the answer in the 


complete Link-Belt chain line. 


Steel Roller 
a n 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying 
Factory Branch Stores and Distributors in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Aus- 
tralia, Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout the World. 13.716 
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Industrial Design and Lubricants 
on I-I Section Program 


OF special interest to design and develop- 

ment engineers of the farm equipment 
industry are two papers scheduled for the 
next meeting of the Iowa-Illinois Section of 
the American Society of Agricultural Engi- 
neers to be held Friday, March 4, at the new 
American Legion Club, 1623 15th St., Mo- 
line, Ill. The meeting will open with reg- 
istration at 6:00 p.m., followed by dinner 
at 6:30 p.m. For the technical program fol- 
lowing the dinner, Franz Wagner, vice- 
president, Raymond-Loewy Associates, will 
discuss industrial design particularly in its 
application to the design of farm imple- 
ments and tractors. 

The second feature on the program will 
be a technical presentation on lubricants as 
engineering materials by Norman A. Sauter, 
lubrication engineer, Deere & Company. 

The Section extends a cordial invitation 
to all members of ASAE of Iowa, Illinois 
and elsewhere, as well as other persons 
interested, to attend the meeting and benefit 
by the fine program to be offered. Those 
members and non-members of ASAE resid- 
ing outside of Iowa and Illinois should 
make advance dinner reservations by writing 
direct to Section Secretary E. G. Rowlett, 
2212 E. 12th St., Davenport, Iowa. 


Hawaii Section Elects Kinch 
ONALD M. KINCH, chairman, agri- 


cultural engineering department, Uni- 
versity of Hawaii, was elected chairman of 
the Hawaii Section of the American Society 
of Agricultural Engineers at the Section’s 
annual meeting held January 19 in Hono- 
lulu. He succeeds Loyd E. Blomquist, agri- 
cultural engineer, California Packing Corp. 
John F. Cykler, agricultural engineer, 
Pineapple Research Institute of Hawaii, was 
elected the new vice-chairman of the Sec- 
tion, and Robert E. Strohman, associate 
agricultural engineer, University of Hawaii, 
was elected the new Section secretary. 
Following the Section dinner R. B. Ebert, 
industrial safety engineer, Hawaii Depart- 
ment of Labor and Industrial Relations, ad- 
dressed the group on the subject of safety 
engineering. 


Ag Engineers Participate in 
Tobacco Workers’ Conference 


G WALLACE GILES, head of the agri- 
* cultural engineering department, North 
Carolina State College, was elected general 
chairman of the Tobacco Workers’ Confer- 
ence, an organization of research workers 
concerned with problems of tobacco pro- 
duction, at a meeting of the organization 
held January 11 to 13 at Richmond, Va. 
McNeil Marshall, associate agricultural en- 
gineer, Virginia Agricultural Experiment 
Station, was named chairman of the agri- 
cultural engineering section of the Tobacco 
Workers’ Conference and Paul N. Winn, Jr., 
assistant research agricultural engineer, Uni- 
versity of Maryland, was named vice-chair- 
man of the agricultural engineering section. 
At the Conference the agriculturai engi- 
neering section program featured discussions 
of engineering Salient of tobacco produc- 
tion and progress reports on research studies 
being carried on in the tobacco-producing 
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ASAE Meetings Calendar 


March 4—Iowa-ILLINOIS SECTION, Amer- 
ican Legion Club, 1623 15th St., Moline, 
Illinois 


April 1 and 2—Mip-CENTRAL SECTION, Ho- 
tel Robideaux, St. Joseph, Mo. 


April 14 and 15—PENNSYLVANIA SECTION, 
Penn. State University, State College 


April 22—MICHIGAN SECTION 


May 1 and 2—SouTHWEST SECTION, Ar- 
lington Hotel, Hot Springs, Ark. 


June 12 to 15—48th ANNUAL MEETING, 
University of Illinois, Urbana 


August 22-24—NorTH ATLANTIC SECTION, 
University of Connecticut, Storrs. 


December 12 to 14— WINTER MEETING, 
Edgewater Beach Hotel, Chicago 
NoTE: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


states. These studies included curing, me- 
chanical harvesting, irrigation, transplant- 
ing, and grading. The engineering section 
program also included an interesting trip 
through the redrying and research laboratory 
of the American Tobacco Company. 

The next meeting of the Tobacco Work- 
ers’ Conference will be held in Canada dur- 
ing the summer of 1956. 


Minnesota Section Meeting 
Features Square Dance 


HE Minnesota Section of the American 

Society of Agricultural Engineers held 
its most recent meeting on January 20, at 
the cafeteria on the St. Paul campus of 
the University of Minnesota. The ladies 
were given a special invitation to be present. 
After the dinner at the cafeteria, the serious 
part of the program, following a short 
business session, was an illustrated talk on 
color photography by Dr. Joseph Valasek 
of the physics department of the University. 

The meeting announcement stated that 
the evening would be “topped off with a 
square dance’’ which, it is suspected, proved 
to be the top of the evening. 


New Officers of Connecticut 
Valley Section 


THE Connecticut Valley Section of the 
American Society of Agricultural Engi- 
neers recently elected new officers. They 
are: Chairman, Arthur G. Fox, Jr., agri- 
cultural engineer, agricultural development 
dept., New England Power Service Co., 
Clinton, Mass.; senior vice-chairman, 
Charles F. Chunglo, Western Massachusetts 
Electric Co., Springfield, Mass.; junior vice- 
chairman, Richard I. Rich, Eastern States 
Farmers’ Exchange, West Springfield, 
Mass.; secretary, Eric R. Doughty, agricul- 
tural engineering dept., University of Con- 
necticut, Storrs. 

The Sections new nominating committee 
includes William Hogg, Narragansett Elec- 
tric Co., Providence, R.I.; Howard S. 
Smith, Smith-Gates Corp., Plainville, Conn., 
and R. K. Patterson, agricultural engineer- 
ing dept., University of Massachusetts, 
Amherst. 
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Dairy Engineering Conference 
in March 


HE third annual national dairy engineer- 

ing conference, which is being sponsored 
by the agricultural engineering department 
of Michigan State College, will be held 
March 8 and 9 at the Kellogg Center on 
the MSC campus, East Lansing. 


The opening session on the forenoon of 
March 8 will include three talks, the first 
of which will be on engineering design 
of dairy plant floors by Warner Ohman, dis- 
trict structural engineer, Portland Cement 
Association. This will be followed by 
K. L. Schulze, International Agricultural 
Products, Inc., who will talk on experiences 
with a new type of dairy waste treatment. 
The last number deals with the subject 
of planned preventive maintenance for pro- 
cessing equipment presented by O. L. 
Applegate, manager, Standard Brands, Inc. 


The afternoon program of the same day 
will also feature three program numbers. 
The first will be on new equipment for dairy 
processing and will be presented jointly by 
J. R. Brunner and I. J. Pflug, respectively, 
of the dairy and agricultural engineering de- 
partments of MSC. The next speaker, H. L. 
Mitten, Jr., senior research engineer, The 
Creamery Package Mfg. Co. will discuss the 
manufacture and utilization of dry milk fat. 


Following the afternoon session the group 
will be taken on a tour of the Michigan 
State College campus. Following the tour 
there will be a dinner for those in attend- 
ance at the conference in the ballroom at 
the Kellogg Center with Carl W. Hall as 
master of ceremonies. Following the dinner, 
the address of the evening on the magic of 
men and machines will be given by Dr. 
Neal Bowman of the National Association 
of Manufacturers. 

The forenoon program of March 9 lists 
four talks, the first by F. J. Messing, Jr., 
vice-president, Divco Corp. and L. L. Trem- 
per, Divco Michigan Sales Co., entitled 
“Dollars Saved by Vehicle Sense.” Refrig- 
erated wholesale and retail trucks for dairy 
products will be discussed by W. J. Thomp- 
son of the Carnation Co. T. E. McLaughlin, 
Detroit Creamery Co., is the third speaker 
and his subject will deal with engineering 
innovations in the modern dairy plant. The 
concluding talk on cold sterilization of milk 
will be a joint paper by J. L. Newcomer and 
D. E. Wiant of the MSC agricultural engi- 
neering department. 

In connection with a noonday luncheon, 
J. G. Hays, MSC extension specialist in 
dairy husbandry, will talk on a new con- 
cept in engineering of bos bovinus. 

The concluding session on the afternoon 
of March 9 will open with a talk on tem- 
perature measurement and control for pro- 
cessing by L. M. Richardson, sales manager, 
Food Industries Div., Foxboro Co. Time 
study methods suitable for dairy plant op- 
erations is the subject of the concluding talk 
on the program, by T. N. Nupp, Supplee- 
Wills-Jones Milk Co. 

Copies of the final program and blanks 
for registration and housing accommoda- 
tions for those desiring to attend the con- 
ference may be obtained from Carl W. Hall, 
agricultural engineering dept., Michigan 
State College, East Lansing. 

(Continued on page 116) 
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LLIS: CHALMERS 


ALLI DIVISION © MILWAUKEE 1, U.S.A. 


It’s the farmer himself who gives the 
final rating to every tractor designed 
for agricultural use. A shrewd judge, 
he scores tractors on their ability to 
meet all of his power requirements — 
consistently, economically, and with a 
minimum of maintenance. His rating 
also includes time saved in busy sea- 
sons, and operating convenience. 


Farmer acceptance of the WD-45 
Tractor with POWER-CRATER en- 
gine has fully justified the early pre- 
diction that here is a notable ad- 
vance in tractor engines, coupled with 
power train and chassis design which 
bring greater benefits from the horse- 
power and torque developed. 


Thousands of farmers have measur- 
ed the difference with WD-45 power, 
and their enthusiastic approval high- 
lights again the leadership in basic en- 
gineering which has become an Allis- 
Chalmers tradition. 


POWER-CRATER is an Allis-Chalmers trademark. 
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NEWS OF ASAE MEMBERS 


L. F. Livingston, a Fellow of ASAE, who 
joined the Society in 1920 and who served 
as its president in 1935-36, retired from the 
Du Pont Company 
at the end of De- 
cember. He joined 
E. I. du Pont de 
Nemours & Co. in 
1929 and since 1938 
has served as man- 
ager of the exten- 
sion division of the 
company’s public re- 
lations department. 

A native of Ohio, 
Mr. Livingston grad- 
uated in engineering 
from the University 
of Washington and 
following graduation he joined the agricul- 
tural engineering faculty of the University 
of Wisconsin. He served as an engineer in 
World War I and after the war was for a 
time employed as county agent in Marinette 
County, Wis. 

In 1921 he went to Michigan State College 
as director of agricultural engineering ex- 
tension work where he continued until join- 
ing Du Pont in 1929 as an explosives engi- 
neer in the company’s explosives depart- 
ment. He traveled extensively in North and 
South American as an expert on industrial 
explosives, and in the course of this work 
he developed several new methods for the 
effective use of explosives in farming, par- 
ticularly for ditching and settling highway 
fills. He demonstrated these and other 
techniques of land utilization widely in the 
United States and Canada. 

As insecticides and other chemical prod- 
ucts became important to farming, interest 
in them developed in connection with Mr. 
Livingston’s demonstrations. To fill this 
growing demand, an agricultural exten- 
sion section was established in Du Pont’s ex- 
plosives department and Mr. Livingston was 
named as manager. Public interest in the 
chemical industry broadened substantially 
and in 1938 this activity was transferred 
to the public relations department of the 
company where it later became known sim- 
ply as the extension division. Mr. Livings- 
ton spoke on general company developments 
and products, and later he developed his 
lecture-demonstration popularly known as 
his “bag of tricks” talk. In recent years he 
enlarged on this to cover basic industrial 
progress and developments. 

Mr. Livingston was married to the former 
Clare Gillis in 1919. They lived in Wil- 
mington until recently when they moved to 
their new home, Sassafras Farm, on the 
Sassafras River near Cecilton, Md. They 
have one son, Richard, who is a process 
supervisor at the Du Pont nylon plant at 
Seaford. 


Herbert J. Fleming recently resigned his 
position in the advertising department of 
the J. I. Case Co., and is now associated 
with Meldrum and Fewsmith, Inc., advertis- 
ing agency, at the agency’s office in Birm- 
ingham, Mich. 


L. F. LIVINGSTON 


W. H. M. Morris, formerly employed as 
research associate in farm structures at 
Iowa State College, recently accepted ap- 
pointment as assistant professor of agricul- 
tural economics at Purdue University, where 
he will be responsible for the agricultural 
engineering phase of a five-year study on 
the energy requirements and improved 
methods in agriculture, with special em- 
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phasis on the farm worker with cardio- 
vascular disease. 


John P. Riley, who has been serving as 
hydraulic engineer in the water-rights 
branch of the Department of Lands and 
Forests of the Province of British Columbia 
at Victoria, has resigned to accept appoint- 
ment as instructor and research assistant in 
the agricultural engineering department of 
Oregon State College, Corvallis. 


William F. Schwiesow, until recently em- 
ployed as an agricultural engineer in the 
U.S. Soil Conservation Service, at Yankton, 
S.D., recently resigned to become first 
assistant in research in the rural electrifica- 
tion section of the department of agricul- 
tural engineering, University of Illinois, 
Urbana. 


Dempsey W. Cochran, a 1953 agricul- 
tural engineering graduate and since on duty 
with the U.S. Army overseas, was recently 
released from active duty and is now em- 
ployed by the Ralston Purina Company at 
its mill in Kansas City, Mo. He is classi- 
fied as a production trainee and is receiving 
instruction in every phase of milling, quality 
control, engineering, etc., connected with 
his company’s operations. 


Maurice Castoriano, recently resigned as 
engineer of International Harvester Maqui- 
nas of Brazil to go into business for himself. 
He has taken over a farm near Lima, Peru, 
where cotton and castor beans will be the 
major crops. 


Harold L. Kugler, teacher trainer in farm 
mechanics on the agricultural engineering 
staff at Kansas State College, has been 
granted an 18 months leave of absence to 
accept an assignment as vocational educa- 
tionalist for agricultural engineering in the 
Philippines. He will serve as an adviser in 
establishing farm mechanics instruction in 
47 Philippine high schools and also will 
advise in the establishment of a machinery 
repair and maintenance program. His head- 
quarters will be in Manila. 


Jack D. Messner has accepted a position 
as design engineer with the J. I. Case Com- 
pany and is located at its Bettendorf (Iowa) 
Works. He was formerly with New Idea 
Farm Equipment Co., Coldwater, Ohio. 


NEWS SECTION 


(Continued from page 114) 


AIEE Farm Electrification 


Conference 


CCORDING to announcement from its 
Chicago Section, the American Institute 
of Electrical Engineers is sponsoring a farm 
electrification conference to be held March 
8-10, 1955 at the Morrison Hotel in Chicago. 
The program will include papers on utili- 
zation of electricity on modern poultry, 
dairy, and livestock farms. Power suppliers 
will discuss methods by which they are 
serving the present farm load as well as 
how they plan to serve this rapidly growing 
load in the future. Problems incidental to 
power use, such as safety, leakage current, 
grounding, and underground distributions, 
will also be covered. The meeting will 
include forum and panel type discussions 
and an inspection trip to up-to-date live- 
stock, poultry and dairy farms. 


Agricultural Engineering 
in India 
N AGRICULTURAL engineer's experi- 
ence in India was the subject of a talk 
by J. Dewey Long (past-president ASAE) 
in a talk before the Washington (D.C.) 
Section of the American Society of Agricul- 
tural Engineers at the regular monthly 
Section meeting on January 14. Now em- 
ployed as an industrial development engi- 
neer of the Armour Research Foundation, 
Mr. Long has recently returned from two 
years of experience with problems of de- 
veloping small rural industries in the 
Damodar Valley Corporation operational 
area in India. His observations of the pro- 
gress of agricultural engineering in India 
proved of outstanding interest to his 
audience. 


New ASEE Secretary 

"THE American Society for Engineering 

Education announces the appointment of 
a new executive secretary, W. L. Collins, 
professor of engineering at the University of 
Illinois. He succeeds Arthur Bronwell. The 
ASEE central office is also being moved 
from the campus of Northwestern Uni- 


versity to the University of Illinois campus, 
Urbana. 


NECROLOGY 


Stanley D. Gralak, supervisor, stress an- 
alysis division, materials engineering depart- 
ment, Deer and Company, passed away 
January 7 at Moline Public Hospital. He 
was 42 years of age. 

A native of Chicago, Mr. Gralak earned 
his bachelor’s degree in mechanical engi- 
neering in 1936 and his master’s in 1937 
at the University of Illinois. Early work as 
an assistant in the testing laboratory of the 
Illinois Engineering Experiment Station led 
him to a career largely in the field of ad- 
vanced engineering test work. Steps in his 
career included test engineering on rail 
stresses and locomotive balancing for the 
Illinois Central Railroad; design and draft- 
ing for Newell Farm Machinery; commer- 
cial and research tests and design of mechan- 
ical laboratory equipment for Signode Steel 
Strap Co.; research engineering and consult- 
ing on tests and stress analysis with Waugh 
Laboratories, including work on_ special 
naval aircraft equipment; assistant chief en- 
gineer, Navy bomb fuse division, Reo 


Motors, Inc.; senior test engineer, stress 
analyst and consultant on dynamic engine 
and road testing, instrumentation, and de- 
sign of fatigue machines, Reo Motors, Inc.; 
teaching engineering drawing, descriptive 
geometry, and kinematics at Kansas State 
College; teaching kinematics, mechanics of 
machinery, materials testing, machine design 
and experimental stress analysis at Michigan 
State College, and the position with Deere 
and Company which he had filled for the 
past three years. 

In addition to being a member of ASAE 
since 1953, he was a charter member of the 
Society for Experimental Stress Analysis, 
and member of the American Society for 
Testing Materials, the American Society for 
Engineering Education, in which he had 
served as vice-president, Lansing Engineers 
Club, and Lansing Industrial Executives 
Club. He also held a private pilot's license, 
was a past-president of a flying club, and 
had served on the board of directors of the 
MSC Credit Union. Also he was a Mason. 
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The Gehl Forage Harvester with hay pick-up attachment. 


Flywheel on the main unit of the Gehl Forage 
Harvester illustrating the use of a pillow block 
with Fafnir Wide Inner Ring Ball Bearing. 


Labor-saving convenience and job- 
handling versatility are but two of 
many dependable qualities that make 
the Gehl Forage Harvester a star per- 
former on today’s modern farms. Of 
equal importance to busy owners are 
its smooth, friction-free performance 
and low cost maintenance record — 
added advantages resulting from the 
use of ball bearings at major turning 
points. 

Take, for example, the six-knife 
unbreakable flywheel on the main 
unit. Here, to conserve power and 
accommodate heavy radial and thrust 
loads on the shaft, Gehl engineers 
have installed heavy duty Fafnir Wide 
Inner Ring Ball Bearings with Self- 


FAFNIR 


BALL BEARINGS 


... for a cost-reducing “hired hand” 


Locking Collars. Equipped with effici- 
ent seals to protect against contami- 
nants and loss of lubricants, these 
Fafnir ball bearings assure long, 
trouble-free operation with minimum 
servicing ... help uphold the famed 
Gehl reputation for quality equip- 
ment that “gets the big jobs done 
quickly, easily and on time.” 

Like other leading farm equipment 
manufacturers, Gehl has turned to 
Fafnir for the precise answers to bear- 
ing problems on many occasions. Each 
time they have found valuable help 
in the Fafnir “attitude and aptitude” — 
a way of looking at bearing problems 
from a designer’s point of view plus 
the ability to provide the right bearing 
to fit the need. Perhaps this 
combination can help you, 
too. The Fafnir Bearing 
Company, New Britain, Conn, 
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These famous Gear Type 
Motors operate with pres- 
sures up to 1500 psi. 
Available in flange or 
foot-mounted models, in 
a complete range of sizes 
to 52 hp. They feature 
the exclusive HYDRECO 
Four Bolt design which 
places greatest strength 
in the area of greatest 
pressure. 


Wpule 


SAVING MONEY = 
for TAXPAYERS in —_ 
CONNECTICUT 


‘ 


ed 


with 


HYDRECO 
FLUID MOTORS 


You find the answers to so many 
problems in the wide experience of 
HYDRECO engineers... especially 
where a function involves rotary 
motion. Powering the sweeper or 
the snow blower on municipal equip- 
ment, driving conveyor belts on 
trenchers, or shaking walnuts out of 
the trees at harvest time ... these 
are but a few of hundreds of money- 
saving operations HYDRECO Fluid 
Motors are called upon to perform. 

HYDRECO Fluid Motors, with their 
high starting torque, instant reversi- 
bility, and capacity for handling 
rugged and seemingly impossible 
assignments, are the natura’ shoice 
of design engineers. HYDREVCO de- 
pendability stems from the funda- 
mentally sound “Pressure-Balanced” 
design, unmatched craftsmanship 
and the “know-how” of thousands of 
outstanding hydraulic applications. 


for full information on 
HYDRECO Hydraulic Pumps, Motors, 
Valves and Cylinders today! 


HY DRECO onivision 


THE NEW YORK AIR BRAKE COMPANY 


1107 EAST 222nd STREETe CLEVELAND 17-+0OHI0 
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Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Arya, Surendra V.—Lecturer in agricultural 
engineering, Indian Institute of Tech- 
nology, Kharagpur (E. Ry.), India 

Atcheson, Frank A. Jr. — Market analyst, 
consumer research dept., Tractor & Imple- 
ment Div., Ford Motor Co. (Mail) AI- 
mont, Mich. 

Butler, Herbert E.—Agricultural engineer 
(SCS), USDA, Hope, Ark. (Mail) 510 
S. Walker St. 

Byrd, George C. Jr.—Agricultural engineer 
(SCS), USDA, McGehee, Ark. (Mail) 
PO Box 135 

Courtney, Samuel E.— Owner, Stanislaus 
Pump & Supply Co. (Mail) RR 2, Box 
596, Modesto, Calif. 

Cramer, Calvin O.—Instructor in agricul- 
tural engineering, University of Wis- 
consin, Madison, Wis. 

Curtis, L. F.—Agricultural engineer, North- 
east Louisiana Experiment Station, St. 
Joseph, La. 

Dewan, David M.—Assistant agricultural en- 
gineer, Manitoba Department of Agri- 
culture, Winnipeg, Man., Canada. (Mail) 
Room 153, Legislative Bldgs. 

Dommel, H. K.—Supervisor of experimental 
dept., The Oliver Corp., Charles City, 
Iowa. (Mail) 1003 Ferguson St. 

Dowty, Paul L.—Consultant and producer 
for films, radio and television, 618 Oakton 
St., Evanston, III. 

Drossos, John G.—Assistant laboratory in- 
structor, University of British Columbia, 
Vancouver, B. C. (Mail) Fort Camp 

Fratini, Alberto M.—Graduate student in 
agricultural engineering, State College of 
Washington, Pullman, Wash. (Mail) 
Box 2087, College Station 

Gassel, Jack H.—Engineer (SCS), USDA, 
Fresno, Calif. (Mail) 3127 Kerckhoff 

Goe, Myron H.—Salesman, field engineer, 
irrigation div., R. M. Wade & Co. (Mail) 
1319 Grant, Walla Walla, Wash. 

Hewitt, Norman S.—Customer research 
representative, Shellmar-Betner Div., Con- 
tinental Can Co., Inc., Mt. Vernon, Ohio 

Hunter, Leo L.—Sales engineer, Perfect 
Circle Corp. (Mail) 522 Church St., 
Evanston, Ill. 

Jackson, John W.— Agricultural engineer 
= USDA. (Mail) RR 3, Maypearl, 

ex. 

Jansson, Gunnar B. |.—Graduate research 
assistant, Iowa State College, Ames, Iowa. 
(Mail) Agricultural Engineering Bldg. 

Kanas, William C.—Graduate student in 
agricultural engineering, Ohio State Uni- 
versity, Columbus, Ohio 

Kidman, Bruce H.—2nd Lt., Corps of Engi- 
neers, U.S. Army. (Mail) Wessington 
Springs, S. D. 

Knoepffler, Carlos J.—Self-consulting tech- 
nician, Consulado de Portugal, Managua, 
Nicaragua, Central America 

Kyle, Rodney W.—2nd Lt., Corps of Engi- 
neers, U.S. Army (Mail) RR2, Hot 
Springs, Va. 

Lal, Radhey—Instructor in agricultural en- 
gineering, Indian Institute of Technology, 
Kharagpur (E. Ry), India 

Lock, Douglas $.—Section supervisor, Trac- 
tor & Implement Div., Ford Motor Co., 
2500 E. Maple Rd., Birmingham, Mich. 

Martin, George R.—Assistant to sales man- 
ager, Granite City Steel Co., Granite City, 
Ill. 

Minnich, Emory R.— Soil Conservationist 
(SCS), USDA. (Mail) Box 564, South 
Hill, Va. (Continued on page 120) 
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Sure, you'd need special cap screws here! 


Some people have strange ideas on tightening cap screws. 


Like the manufacturer we ran across recently. His workmen 
tightened cap screws far beyond their load limit as a matter of 
course. Naturally, this caused costly screw failures in the field. 
Also naturally, the boss figured the only way out was to buy 
expensive special screws with higher physical properties. Just 
in time, a sharp-eyed RB&W “fastener engineer” pointed out that 
a high-quality standard RB&W cap screw could do the same job — 
if the tightening method was corrected. 


This incident spells out a cost-saving story for every user of 
fasteners. Maybe there’s a stage in your operation where you're 
using a fastener designed for a bigger job than you’re giving it. So 
it’s important for you to know that an RB&W standard screw, 
nut or bolt can often give you the same dependable service you’re 
paying extra for now. The facts in the box at right make it well 
worth a phone call to the nearest RB&W office to find out how 
these very special standards can do a job for you. RUSSELL, 
BURDSALL & WARD BOLT AND NUT COMPANY, Port 
Chester, N.Y. 44 


Se 


HERE’S WHY... 


RB&W standards often surpass 
industry standards. 


Cap screws, for example: 
1. They’re cold-headed — the process that 


produces the best bolts and cap screws. 


2. Cold-heading requires superior mate- 
rials — resulting in sounder products. 


3. Modern equipment and quality control 
insures precise sizes, superior finish, accu- 
rate threading — for fast assembly and 
stronger end products. 


4. RB&W cold-heads the widest size 
range in industry. 


109 YEARS MAKING STRONG THE THINGS THAT MAKE AMERICA STRONG 


Plants at: PORT CHESTER, N.Y.; CORAOPOLIS, PA.; ROCK FALLS, ILL.; LOS ANGELES, CALIF. Additional sales offices at: ARDMORE (PHILA.), PA.; 
PITTSBURGH; DETROIT; CHICAGO; DALLAS; SAN FRANCISCO. Sales agents at: SEATTLE. Distributors from coast to coast. 
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STOW Flexible Shafts have effectively solved 
power take-off problems on both trucks and 
tractor-trailers. Large shafts, such as the 
1%” pictured above which transmits up to 
10 H.P., have proven their ability on power 
take-off applications more efficiently and 
with more trouble-free service... 


~ A 
ON THE JOB 


Diagram shows 
STOW power 
drive shaft instal- 
lation operating 
through 90° bend. 


to operate pumps for petroleum, milk and other liquids; 
to operate conveyors for grain, coal; to operate 


compressors 0n refrigeration trucks. 


Why not put Stow to work on your power drive problems? Stow Engineers 


are always at your service. 


For complete engi- 

neering data and ; 
illustrations on STOW Write today for Bulletin 542 
Flexible Shafting— and complete data on Power 
Write today for FREE Take-Off drives. 
Bulletin 525. 
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With farm acreage up in all sec- 
tions of the country, efficient tractor 
operation is, more than ever, an 
economic “must.” 


Today’s farmer places so much 
. Purolator’s famous 
dependence upon his tractor that e ‘‘accordion-pleated”’ 
a a ’ Micronic filter element h 

"_, at peak activity just a half day's | Micron te, ome ain 
“downtime” can virtually wipe out his profits. area than ordinary types. 
To keep “downtime” to a minimun, tractor 
- makers today give top attention to efficient oil 
filtration, a vital key to dependable, long-lived 
engine operation. 


Electron micrographs 

e prove that Purolator Mi- 

cronic filters stop particles down 
to submicrons—.0000039 in. 


The pleated design of 

e the Purolator Micronic 

f filter element provides many 
times more dirt storage space 


r 
t 
: than old-style filters. 


: 
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SERRE Ss geen 
Caterpillar Diesel D6 Tractor at work in beet field. Caterpillar 
Diesel Tractors use oil filters and refills made by Purolator to 
Caterpillar’s rigid specifications, 


Longer Engine Life . . . More Dependable Tractor Operation 


5 reasons why more tractor manufacturers 
specify Purolator-built filters 
and refills than any other make 


With its larger filtering 

e area, the Purolator 
Micronic filter element intro- 
duces a remarkably small pres- 
sure drop into the lubricating 
system .. . permitting pumps 
of practical size and simple type. 


5 With Purolator Micronic 
e filtration, the tractor op- 
erator keeps all the oil quality 
he pays for. The Micronic filter 
element will not strip additives 
. . . an important advantage 
with HDand heat-resistantoils. 


For further information write, wire or phone: 
PUROLATOR PRODUCTS, INC. 
Rahway, New Jersey and Toronto, Ontario, Canada. 
Factory Branch Offices: Chicago, Detroit, Los Angeles 
“Purolator,” “Micronic,” Reg. U. S. Pat. Off. 
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OU can fill all farm machinery requirements for 
wire rope and rope fittings from Upson-Walton 
—with products especially engineered for safety. 
Complete catalogs of wire rope and rope fittings 
available free on request. 


8 x 7 farm 


SHACKLES 


Drop forged steel— 
enameled or hot galva- 
nized—Chain or anchor 
types — Screw pinor 
round pin—From \%” to 
a. 


THE UPSON-WALTON COMPANY 


Upson-Walton wire rope is 
available in all standard construc- 
tions, and ones particularly suited 
to farm machinery use. We wel- 


come an opportunity 


to work with 


you in selecting the wire rope for 
your equipment. Our long expe- 
rience in this field means better 


service for you. 


CLIPS 


Galvanized drop 
forged steel (as 
shown) — Malle- 
able iron enam- 
eled or galva- 
nized—For rope 
diameters: %” to 
14%”. 


THIMBLES 
Hot galvanized wrought 
steel — regular and 
heavy weights — For 
rope diameters from 
He” to 2”. 


TURNBUCKLES 


Drop forged steel, 
weldless—self-col- 
ored or hot galva- 
nized—with and with- 
out stubs, hook, eye, 
or jaw end fittings— 
Thread diameters 
%” to 2”. 


12500 ELMWOOD AVENUE - CLEVELAND 11, OHIO 


New York 


MANUFACTURERS OF WIRE ROPE, FITTINGS, TACKLE BLOCKS—ESTABLISHED 1871 


Chicago ° 


Pittsburgh 


NEW BOOKS 


Farm Mechanics Text and Handbook, by 
L. J. Phipps, Howard F. McColly, L. L. 
Scranton, and G. C. Cook. Cloth, 752 pages, 
6x9 inches. Illustrated and indexed. The 
Interstate Printers and Publishers, Danville, 
Ill. $4.00. 

This text and reference is indicated as a 
new edition, following up previous editions 
by three of the authors, and carrying out 
recommendations of the ASAE Subcommit- 
tee on Agricultural Teacher Training, in 
collaboration with an advisory group of 
agricultural education specialists. Fiftv-one 
chapters covering specific types of jobs or 
work units are grouped under six main 
work type headings and 15 subheadings as 
follows: Introduction: Understanding and 
Using Farm Mechanics, Using Safety Pre- 
cautions; Farm Shop Work — Shop Tools 
and Equipment: Developing a Home-Farm 
Shop, Selecting and Using Shop Tools 
and Equipment, Repairing and Sharpening 
Tools; Woodwork and Farm Carpertry: 
Figuring Bills of Material, Making Simple 
Sketches and Reading Blue Prints, Selecting 
and Caring for Lumber, Selecting and Using 
Nails, Screws, Bolts and Hardware, Cut- 
ting Rafters, Woodworking and Farm Car- 
pentry Projects; Pointing, Refinishing and 
Glazing: Painting, Refinishing, Glazing; 
Welding: Welding with an Electric Arc 
Welder, Welding by the Oxyacetylene 
Process; Hot ond Cold Metal Work: 
Metal Working Equipment and Its Use, 
Working Hot and Cold Metal; Sheet Metal 
Work: Cutting, Bending, and Fastening 
Sheet Metal, Soldering; Rope and Leather 
Work—Selecting and Using Rope, Repairing 
and Preserving Leather; Farm Power and 
Machinery—Farm Motors: Understanding 
the Fundamental Principles of Engines, 
Operating and Lubricating Farm Motors, 
Maintaining the Carburetion, Cooling and 
Ignition Systems, Grinding and Timing 
Valves, Fitting and Adjusting Piston Rings, 
Wrist Pins, and Bearings; Trucks and 
Tractors: Selecting, Using and Maintaining 
Farm Trucks, Selecting, Using and Main- 
taining Tractors; Transmission of Power: 
Selecting, Using and Repairing Farm Belts; 
Farm Machinery: Selecting Farm Machin- 
ery, Using and Maintaining Farm Ma- 
chinery, Adjusting and Repairing Farm 
Machinery, Constructing Labor-Saving Farm 
Equipment; Farm Buildings and Con- 
veniences—Farm Buildings: Constructing 
and Repairing Farm Buildings; Concrete 
Work: Understanding the Uses and Com- 
position of Concrete, Determining Quan- 
tities and Proportions for Concrete Mix- 
tures, Mixing, Pouring, Curing and Rein- 
forcing Concrete, Making Concrete Objects, 
Floors, Foundations and Walls; Farm Home 
Conveniences and Sanitation: Establishing 
Farm Water Supply Systems, Selecting and 
Using Plumbing Equipment, Establishing 
Farm Sewage Disposal Systems, Heating the 
Farm Home; Fencing: Constructing and 
Maintaining Fences; Rural Electrification— 
Understanding Electrical Sources and 
Terms, Wiring and Farmstead, Selecting 
and Maintaining Motors; Soil and Water 
Management—Using Contour Farming, 
Strip Cropping and Grassed Waterways, 
Terracing to Control Soil Erosion, Providing 
Farm Drainage and Irrigation, Processing 
Farm Products—Providing and Equipping 
a School-Community Cannery; Appendix. 


(Continued on page 124) 
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WE FIND WITH RADIATORS, TOO, 


IT PAYS TO Po | 


a 


° pee 


y 


& es page wes iit. 


‘ 


Modern vibration machines have 
assisted Young in developing the 
strongest Radiator structure 
known. Illustration shows a vi- 
brating machine in the Young 
Laboratory testing a tractor ra- 
diator under the most adverse 
operating conditions. 


ae Os 


> Pir Shay 
si NS ih Ramee 


conditions imaginable. Test Radiators filled 
with water, and pressure-capped at 8-10 psi, 
are vibrated up to 1600 cycles per minute! 
From such tests have come Young-engi- 
neered vibration control mountings, re- 
straining core side baffles, corner web rein- 
forcing and many other stiffening structures 
that add extra life to the unit. Write Dept. 
295-B today for further details on Young 
Radiators for improved heat transfer; there 


is no obligation. 


Daily poundings from rough, broken ter- 
rain, big loads, and high and low tempera- 
tures are a few of the stresses and strains 
Young Tractor Radiators must withstand. 
Young Tractor Radiators take “in their 
stride” torsional stress and sudden shifts 
of mass. These unusually rugged, high- 
strength Radiators were developed, in part, 
from Young laboratory shaking machines 
capable of duplicating the most rigorous 


RADIATOR COMPANY 


RACINE, WISCONSIN 


Write for free Cet@eE “HEAT TRANSFER ENGINEERS FOR INDUSTRY 
Young Radiator Heat Transfer Products for Automotive, Heating, Cooling, Air Conditioning Products 
prong — pre veg ee Aviation and Industrial Applications. for Home and Industry. 
oducts. 
a a ee - Executive Office: Racine, Wisconsin, Plants at Racine, Wisconsin, Mattoon, Illinois 


Bh 


1955 * February * Agricultural Engineering 123 


ee See 
R — isis tem isis I ESS I Stic 

2 Li Wt oe ~~ zz, 

4 come | | , oz Ue 

fe ; ‘ F ae 7 

ae : me : aa 2g, : 
ieee Tay ' i a2 a 
Bea ; @] mmm: lS i 
eee 2 “i AE um : 
% une RS a: ry 7 - 
pa cae £ . ex Pe . cee 7 ees ae 
ee y a 5: = a a ES bo ——— 
oo j ff . Pe — ee. : 

ae : : wager eae is : 
a eens i. que § 

: as ‘ : fo ; i ; t 
i a i OE gr ca % 

fee 3 eS ¥ ai ee an pe 

am : P y oe Pkae gc ‘ C—O! Mi \ 

eae: 2 og ; of . * ee a - be ieee 

oe ~ 4 Ce : ¢ ee 4 . ‘i $ Pade ie 

a eee er ——_ ££) , 7 

ae > Ae ' 

a —° fae sy Pee j 
aes f 4 Lt ee : F t 4 

rat : ee aks haat | 

3 Ml Ae . op tae 

oe ¥ eee 2 oes te is ne : " 

rien 4 ¢ pas : ¥ . * : a “a : 2 ee = : 

Reais A ‘ Q : ey 4 ef oenanae * q 4 — 

Hg ES el Be atk, be z 7 Bi a a. 

aa eS == _ ae we I eet aa i pon ~ my. ' ® 

Be ai ’ one ae Bs a a Say ae 3 

Ot gis. j i a ee . ge ace ayo , 
ht * ya ee be hy j : § 
ane ae 3 bith aa a ee 4 = ee ——. ' 
ek Ss a wegen. ae A ee ies e “eae Pie ..— ae a ell Pe) ee : © pun ‘ 
ae Pe i Bois oF rag b- ; ey "ui. - oe oy s nti, oe nto ; 

Te Res ia os Pao bake oad “ tl ke. — 3 as “ _. > — oe 

2a, — eR ec ee Se £f : L” ha AQ ss 2 — a6 - | om oe ee ogg es | ——— 

ee alta i na Te ss . “Ni t yes ae i : —_— . 

a eee ge — _—_-. ~~ =m. 

ev eee = pce. oe a: cietemmeeat.” : 

2a € gan amg ea { s ay pass re my : : 
ae : Ree eee Ss 6 Ss @™ _ “4 Phe al aS 4 & } 

fee. + oe = _ « LT SN d > all a 4 

ae A Seg ee Ca oe ee . yas 

a BRO i a tects aw on aig a et RC” AE ae ae 

E 3S OS ER a a ee , 

a See an Go AOR, tego Dabbg® Se - Pee saat Pera 5 ON ee 

ie Seed ee EE ag ee th: SS SI sage og sos 

ae Seen ites GN ian cy ng ne a 
4 a Oe Ne Rw ac Se ane 
en SS a 

ae a ib 
ae 

tt Se 

. 3 
oe 

e 
as fe 
ae 

ee SP ts 
“ 7. S aby {i aS 5 - 

my G j oy rae Ke ea gi9 tol Shree 

ae ¥ UNS mm 6 os ef 

ae VA | es 

ae ss \ ae 

can | a ee 

a wa” Hanstyy ) el a " ; 

eee "Prog, hicick : 

2 ‘ “hy See ie : Se 

sae , 
eek a 


NEW BOOKS 


(Continued from page 122) 
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— National Fire Codes: Vol. IV Extinguish- 
ing Equipment. Cloth, 856 pages 512 x 8% 
inches. Illustrated. Some sections indexed. 
National Fire Protection Association (60 
Batterymarch St., Boston 10, Mass.). Price 
not stated. 

This presents codes on extinguishing 
equipment as revised to July 30, 1954. Sec- 
tions cover approved equipment, references 
to other standards, units and definitions; 
first-aid fire appliances; foam extinguishing 
systems; carbon dioxide fire extinguishing 
systems; sprinkler systems; sprinkler main- 
tenance; standpipe and hose systems; water 
spray systems; wetting agents; motor fire 
a apparatus ; centrifugal fire pumps; steam fire 
~~ “ae pumps; water tanks for private fire protec- 
ight, 4 et ™ tion; outside protection; valves controlling 
> Mig water supplies; private fire brigades; gate 
@ — and check valves; indicator posts; hydrants ; 
wie =F portable pumping units; volunteer fire de- 
— - —-_ partments; fire hose couplings; care of fire 
hose; marking of hydrants; forest fire fight- 
ing equipment; water systems for fire pro- 
tection on farms; fire fighting equipment in 
metal mines; the watchman and salvaging 
operations. 


si 


poi 


NEW BULLETINS 


Measuring Runoff Rates with Rectan- 
gular Highway Culverts, by W. O. Ree and 
F. R. Crow. Oklahoma Agricultural Ex- 
periment Station (Stillwater) Technical 
Bulletin No. T-51 (November, 1054). A 
research report showing how to prepare and 


use highway culverts, where available, as 
a H é. N D S on T | A T H 2 L P low-cost gaging stations. 
MOVE THE EAR ts 4 Greenhouse Heating, by Harold E. Gray. 


Cornell University Agricultural Experiment 
Station (Ithaca, N. Y.) Bulletin 906 (July, 
1954). This discusses heating installations 
and operation to maintain close control of 


. .. those unseen hands that put action temperature and humidity, as influenced by 

into the earth moving giants . . . the properties of air and water vapor mixtures, 

hundreds of shapes and sizes of steel atmospheric conditions in the greenhouse, 

ti that k ti d determination of greenhouse heating load, 

castings that make up excavating an determination of piping required, piping ar- 

; mining machinery. Hands that are rangements, automatic controls, unit heaters, 
unnoticed and are subject to shock, stress and abra- and operating methods. 

a sion . . . all examples of Unitcasting’s dependability. Soane Potion: Allewtineg the Quaitte of 
ee Gears, cams, rockers, sheaves, stanchions, levers, Frosen Foods, by Bennett, Nicholas, et al. 
Gad cee ° h ° d th t de t The Pennsylvania State University (State 
eg protective housings, and many other parts made to ex- College) Bulletin 580 (August, 1954). Re- 
sae tae acting standards . . . subject to rigid inspections. Foun- ports results and recommendations on prepa- 

dry engineered Unitcastings are the answer when the ration of products for freezing, and on en- 

: ! gineering, bacteriological, biochemical and 
going gets rough! palatability studies 
«zy . 9 . . . ! ¥ 

7 —- a in parts? Specify preg 0 iitiieiiteash thaten Din Cacdan, ta th. 

nitcast’s representative is as convenient as your Sinaed Wf. Garner and Wf. Fadoca. 

telephone. Call today! Georgia Agricultural Experiment Station 


(Athens), Bulletin NS 1 (September, 1954). 
A guide to construction, operation and care. 


. . Effecti f Flooring Nail 
UNITCAST CORPORATION + Toledo 9, Ohio Bh yell gn ay igen 


In Canada: CANADIAN-UNITCAST STEEL, LTD.., Sherbrooke, Quebec ginia Polytechnic Institute (Blacksburg) 
Wood Research Laboratory Bulletin No. 16 
(September, 1954). A brief report of hold- 
ing power test results favorable to hardened 
threaded nails as compared to bright, plain 
shank brads, cut nails and bright toothed 
fasteners. 


How to Build Farm Tanks for Fire Pro- 
tection, Irrigation, and Swimming, by L. W. 
Neubauer and Ralph Parks. California Agri- 
cultural Extension (Davis) leaflet (March, 
1954). Brief instructions covering plan 


QUALITY 


ie i y ; 
Th t | Cd, KY ‘i Cc oe GS 
| ~ a 


uA 


EY 


Vy, bs js ¢, dimensions, wall cross sections, filters, sani- 
= tation and safety features. 
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From Airfie'ds To Irrigation 


American agriculture will benefit from 
the development of an asphalt impreg- 
nated jute fabric which was evolved 
during the war for the construction of 
airfields in forward combat areas. The 
same principle is now being used in test- 
ing this material as an irrigation canal 
lining. If successful, it will greatly re- 
duce irrigation costs. This lining should 
reduce seepage substantially and be 
tough enough to resist puncture from 
animal hoofs as well as other impact. A 
complete report on these experiments will 
appear in a future Burlap Bulletin. 


ialias the contents of a burlap bag is 
simple because small holes in the fabric 
close together of their own accord. 


Golden Nematode May Change 
Snow Fence Construction 


A new type of snow fence at about one 
third the cost of the conventional wooden 
snow fence is being tested to help con- 
trol the spread of Golden Nematode on 
Long Island. Potato farmers there have 
objected to erecting conventional snow 
fences from storage on their property 
fearing the Nematode will be transmitted 
to their fields. A new fence of burlap, 
cheap enough to be discarded after one 
season, is now under test. Handling and 
removal costs should be lower, too. The 
highway superintendent of a Long Island 
town which uses 50 miles of snow fences 
estimates that he could save $20,000 
annually by using such a disposable 
fence. Burlap snow fences should prove 
to be not only safer where soil contami- 
nation is a danger, but also more inex- 
pensive to erect and remove. 


handicrafters can 
now make beauti- 
ful and useful 
articles out of 
used burlap bags 
by simply follow- 
ing the directions 
for dyeing found 
in this folder 
offered by Park & 
Tilford, Tintex 
Division, 485 Fifth Ave., New York 
17, N. Y. The folder has many sug- 
gestions for clothing and home fur- 
nishings that can be made and gives 
step-by-step directions. 


Farmer Co-Operatives Prefer Burlap 


Recent surveys among cooperative feed 
mills show a 5 to 1 preference for burlap 
versus any other type of container for 
feed. The cooperatives have found that 
farmers prefer burlap because of its 
re-use and re-sale value. Over 71% of 
the cooperatives polled reported they 
prefer burlap for packing feed and 57% 


reported nnd pack feed in burlap only. 


Saves Space. These moe of dried beans 
in a Kansas City warehouse illustrate the 
fact that burlap bags can be stacked to 


any height without slipping, with a great 


saving of warehouse space. 


New Tobacco Shade Cloth 


Tobaceéo growers in the Connecticut 
valley who produce those fine leaves used 
for outer cigar wrappings may save thou- 
sands of dollars this year if a research 
project of the Burlap Council is success- 
ful. Shade-grown tobacco is now pro- 
tected by cotton cloth which lasts only 
one year, and growers have been looking 


Published by The Burlap Council of the Indian 
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ANY OF THIS MATERIAL MAY BE REPRODUCED WITHOUT PERMISSION 


for a more durable fabric which, by re- 
use would reduce costs. In cooperation 
with the Imperial Agricultural Corpora- 
tion, the Burlap Council has been test- 
ing a burlap shade cloth. Untreated bur- 
lap deteriorates from mildew and ultra 
violet light. However, burlap is much 
stronger than cotton and when treated, 
retains this strength advantage. If weath- 
ering tests of burlap now standing in 
the field prove successful, it will get a 
trial for shade tents with the Spring 
tobacco planting. If burlap lives up to 
expectations it will withstand storm dam- 
age and give an extra year of service. 

Tobacco baling is another project in 
which the Imperial Agricultural Cor- 
poration engineers are cooperating with 
The Burlap Council. Shade-grown tobacco 
is now baled in Borneo mats imported 
from the Far East. If proved satisfactory, 
burlap will be more economical. 


——* Feat 
High Speed Spinning Frame Lines in a 
Caleutta mill. Extensive modern mills, 
employing latest mass-production teck.- 
niques, assure American consumers of a 
continuous supply of burlap. Today. 
85% of all the burlap used in this cour- 
try is manufactured in Calcutta mills. 


Attention Agricultural Leaders 


The Indian Jute Mills Association seeks to 
serve American agriculture through its tech- 
nical development program in this country. 
Conducted through the Burlap Council, this 
effort is supported by the Indian Jute Mills 
Association Research Institute in Calcutta and 
its full staff of scientific personnel with chem- 
ical, physical and biological laboratories. 


Put them to work on any of the projects you 
may be interested in where there is a possi- 
bility that burlap might increase efficiency 
or economy. Write to William A. Nugent, 
Vice President, The Burlap Council, 155 East 
44th Street, New York 17, N. Y. 
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Jute Mills Association 
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Engineering Irons Guide 


The International Nickel Co., 67 Wall 
St., New York 5, N. Y., will send to inter- 
ested readers a copy of its bulletin A-69 
entitled “Guide to the Selection of Engi- 
neering Irons’ compiled primarily for de- 
sign engineers. The bulletin presents the 
many valuable characteristics of modern 
nickel cast irons and illustrates their broad 
acceptance throughout industry. In addi- 
tion to illustrations indicating wide in- 
dustrial usage in all shapes and sizes, the 
bulletin contains many useful tables, charts 


and photomicrographs showing how through 
the use of nickel, alone or in combination 
with other alloying elements, the engineer- 
ing properties of cast iron can be controlled 
to meet service requirements. 


Torque Converter Catalog 


Clark Equipment Co., Transmission Divi- 
sion, Jackson, Mich., will send on request 
to interested readers a copy of its 8-page, 
four-color catalog describing its line of Tor- 
con torque converters. The catalog is well 
illustrated with models and attachments for 
specific adaptations, and describes, with cut- 
away drawings, construction of the converters. 


Engine Crankcase Ventilation 


Willys Motors, Inc., Industrial Engine 
Dept., 940 N. Cove Blvd., Toledo, Ohio, 


Make ¥ Your Land Produce M More 


Model 21/2 WHI Carver Irri- 
gation Pump with Wisconsin 
Model VF-4D 25 hp. Air- 
Cooled Engine. 


Today more and more farmers and dairymen, in 
all parts of the country, are finding that they can 
greatly increase the productive capacity of their 
land on a profitable basis, through the application 
of Overhead Irrigation. 


Now the uncertainty of raising a crop on drouthy 
land or depending on rainfall that may or may not 
come when you need it, can be easily corrected by 
the installation of a Wisconsin-Powered Overhead 
Irrigation System. 


The above engine is equipped with Stellite Exhaust 
Valves and Valve Seat Inserts as well as positive 
type Valve Rotators . . . especially desirable in irri- 
gation service, assuring long engine life and lowest 
cost maintenance. Automatic High Temperature 
Cut-off Switch and Low Oil Pressure Switch are 
recommended and available for all Wisconsin En- 
gines engaged in irrigation operations. 


This type of service calls for the carefully engi- 
neered heavy-duty design and construction that 
characterizes all Wisconsin Air-Cooled Engines 
from the smallest to the largest, as demonstrated 
by these fine engines on numerous overhead irri- 
gation power assignments. 


If you have any source of water supply available... 
a pond, shallow well, lake or stream... by all means 
investigate the increased yield and profit-possibili- 
ties of overhead irrigation. Ask your dealer about Wis- 
consin-powered overhead irrigation pumping units. 


et 


J's Largest Builders of He 


4-cycle single cylinder 
3 to 9 hp. 


2-cylinder 
7 to 15 hp. 


V-type 4-cylinder 
15 to 36 hp. 


oS T eae 


uty pc Engines 
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announces that, as an outgrowth of its use 
of positive crankcase ventilation in its en- 
gines during wartime, the same design is 
now being installed in its Willys 4 and 6- 
cylinder industrial engines used in agricul- 
tural, pumping and other power applica- 
tions. The positive crankcase ventilation 
makes internal air circulation independent 
of the engine’s physical motion relative to 


the external atmosphere. The type of ven- 
tilation used automatically regulates internal 
air flow to engine speed. Air is pulled in 
through the air filter to remove all harmful 
dust and dirt particles that would normally 
cause oil sludge. The air passes into the oil 
filter tube and circulates freely within the 
engine block removing oil-thinning or acid- 
forming condensates. The manufacturer 
claims this type ventilation helps lower 
maintenance costs and provide longer en- 
gine life. 


Catalog on Cam Clutches 


Morse Chain Co., 7601 Central Ave., De- 
troit 10, Mich., will send on request to in- 
terested readers a copy of a comprehensive 
reference file describing its line of cam 
clutches for indexing, overrunning, and 
backstop applications. Included in the file 
is an illustrated catalog (C11-54 A) giving 
general information on Morse cam clutches 
including cutaway views, operating func- 
tions, line drawings illustrating the Morse 
cam principle, design features and ordering 
information. 


New Self-Propelled Combine 


John Deere, Moline, Ill., announces its 
new No. 45 self-propelled combine, little 
brother of the No. 55. The No. 45 combine 
is either 8 or 10-foot cut and has a 26-inch 


separator. This new machine has incor- 
porated in it several new features, plus 
many new refinements that insure easier 
operation and improved quality of work. 


(Continued on page 128) 
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Bill Tinkle (left) shows Texaco 
Man Gale Riggs welder he in- 
stalled on his tractor. Bill 
lubricates his tractor and farm machinery 
with Marfak because it sticks to bearings better 
and longer—won't wash off, jar off, drip out or 
cake up—seals out abrasive grit and dirt. 


Farm equipment breakdowns usually oc- 
cur in the field, causing a waste of time 
and labor in getting the broken equipment 
back to the barn or shop for repair. 

Bill Tinkle, prominent farmer near 
Barnes City, lowa, solved this problem by 
installing a welder on the front of his 
tractor. Now he can weld a broken part in 
the field. The welder is powered by an air- 
plane generator picked up at a surplus 
sale. The generator is operated by the 
tractor as shown in the illustration at left. 

Like keen farmers from 
coast to coast, Mr. Tinkle 
finds that it pays to use 
Texaco Products on the farm 
and on the highway. Mr. 
Tinkle is served by Home 
Oil Company, Oskaloosa, 
of which Mr. Howard Frank 
is manager. 


ee eee 


Hea gtk Se ee i, 
Colonel William H. Stovall, World War I flyer and a Chief 
of Staff in Europe in World War II, raises fine horses 
and cotton on his plantation at Stovall, Mississippi. 
He has thirty-four tractors, seven cotton pickers, five 
trucks and nine cars. Texaco Products have been 
used on the plantation for over forty years. 
They are supplied by popular Texaco Man 
Harry Moore of Clarksdale, 
(shown at right), watching one 
of the tractors get some Advanced 
Custom-Made Havoline, the 
motor oil that wear-proofs en- 
gines for longer life. 


4 
ae 


And in town or along 
the highway... 


a 


...farmers get the same 
friendly service from Texaco 
Dealers. Only Texaco Deal- 
ers have new top octane 
Sky Chief gasoline, Super- 
Charged with Petrox, to 
give maximum power and 
reduce engine wear...famous 
Fire Chief, at regular prices, 
both 100 per cent Climate- 
Controlled for top perform- 
ance... Advanced Custom- 
Made Havoline and Marfak 
lubrication. 


“Texaco Products have been used on our Mr. Louis Sheffels, who has 4,000 acres in 
farm for over twenty years,” John Child wheat, near Wilbur, Washington, receives 
(left) near Middlebury, Vermont, tells a friendly call from his Texaco Man J. G. 
Texaco Man Frank Churchill. He uses the Stephenson. Texaco Men give timely, 
best motor oil money can buy—Advanced neighborly service which farmers and 
Custom-Made Havoline, the oil that wear- _— ranchers appreciate. Mr. Stephenson has 
proofs engines for longer life; the oil just delivered a tankful of Fire Chief, the 
that prevents rust in engines during idle gasoline with superior “Fire-Power” for 
periods between seasons. low-cost operation. 


Tune in...Metropolitan Opera radio broadcasts every Saturday afternoon. See newspaper for time and station. 


AND HIGHWA' 


a a ais to ey 


DIVISION OFFICES: Acianta, Ga.; Boston 16, Mass.; Buffalo 9, N. Y.; Butte, Mont.; Chicago 4, Ill.; Dallas 2, Tex.; Denver 3, Colo.; Houston 2, Tex.; 
Indianapolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 3, Minn.; New Orleans 16, La.; New York 17, N. Y.,; Norfolk 10, Va.; Seattle 1, Wash, 


Texaco Petroleum Products are Manufactured and Distributed in Canada by McColl-Frontenac Oil Company Limited. 
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New Products and Catalogs 
(Continued from page 126) 


New PTO BALER 


New Holland Machine Co., New Hol- 
land, Pa., announces its new 77 PTO baler 
capable of making 8 bales per minute. This 
baler give full control of the baling opera- 
tion from the tractor seat and requires a 
smaller initial investment than engine-pow- 
ered models. The machine has an over- 
running, automotive-type clutch built into 
the gearbox which the manufacturer claims 
makes high-capacity power take-off baling 
practical. The machine incorporates features 
of other New Holland balers, including 
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+ 
ES Gorden resi 


PETER ne gree 
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double V-shaped slicing knives, reinforced 
bale chamber, tying under compression, and 
an adjustable metering wheel for 30, 36, 
and 42-in bales. A full-floating pickup, in- 
verted anticlog knotters, and a rollaway bale 
chute are also features of the machine. It 
has a capacity up to 12 tons per hour. 
Minimum power requirement of this baler 
is a two-plow tractor. 
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95-Bushel Spreader 


New Idea Farm Equipment Co., Cold- 
water, Ohio announces a new 95-bushel 
manure spreader, model No. 17, designed to 
withstand the sudden shocks and strains of 
heavy-duty mechanical loading. The ma- 
chine is ground driven. 

A slanted-arch construction gives lower 
clearance and is designed to be out of the 
way of hydraulic loader or automatic barn 
cleaner to facilitate loading. Heavy-gage 
steel side flares run the full length of a 
tapered box which is slightly wider at the 
rear to help the load to move back easily. 


The steel flares also give greater capacity 
and added protection against damage in 
loading. Apron tension is adjusted by a 
screw tightener. The upper cylinder is 
driven from the left side while the main 
cylinder is driven from the right side, re- 
sulting in reduced vibration and side pull. 

Neoprene oil lines lead to the axle bear- 
ings which reduces the danger of cracking, 
breaking or freezing of conventional metal 
lines. Pressed-fiber bushings result in longer 
wear and require less servicing. The shield- 
ing of the machine has been re-engineered 
not only to give greater safety but also to 
reduce spillage. 


Torque Limiter 


Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich., announces an improved 
line of machinery-drive overload-protection 
devices featuring new high-friction, wear- 
proof friction disks and a new adjusting-nut 
locking arrangement, called “torque limit- 
ers’. These units are slip-type friction- 
clutch devices upon which such drive com- 
ponents as standard type A plain plate roller 
chain sprockets, special V-belt pulleys or 


gears can be mounted. They act as auto- 
matic shear pin mechanisms and avoid the 
time and labor required to insert new shear 
pins. 

The improved line of torque limiters is 
available in eleven standard models having 
maximum torque capacities of 20 to 620 
foot-pounds. Outside diameters are from 2 
to 3% inches. They can be mounted on 
shafts from % to 2% inches in diameter. 
Standard Morse type A plain plate roller 
chain sprockets having pitches from 4 to 
1% inches can be mounted on the various 
models. (Continued on page 130) 
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As you know, digging postholes 
in tough terrain puts heavy loading 
on gear teeth. 


Consequently, you can appreciate 
the combination of properties that 
the Ottawa Warner Corp., Inc., of 
Kansas City, Mo., needed in gears 
which they could guarantee for two 
years or 500 hours of operation in 
their posthole diggers. 


Ductile Iron was chosen because 
no other readily available engineer- 
ing material provides such an excel- 
lent combination of high strength 
and toughness, superior wear resist- 
ance and easy machinability ... all 
at moderate cost. For these reasons, 
the bearing housings are also speci- 
fied in this material. 


Actually, Ductile Iron combines 
the process advantages of cast iron 
and the product advantages of cast 
steel. 


Agricultural applications include 
plowshares (with edges chilled for 
hardness), tractor spring release 


hitches, tail wheel mounting brack- 
ets, hay-baler ring gears, gear car- 
riers, worms and wheels, rear axle 
housings and the like. 


Besides these many important 
uses in farm equipment, cast and 
heat treated components are utilized 
with equal success in the industrial, 
automotive, railway, marine and 
power fields, and many others. 


Send us details of your prospec- 
tive uses, so that we may provide 
you with a list of sources from 
among some 100 authorized foun- 
dries now producing Ductile Iron 
under INCO patent licenses. And 


500 hours’ 
of trouble-free operation 
in rocky soil 


for posthole digger gears of Ductile Iron 


ask us for a copy of the 32-page 
booklet “Ductile Iron, the Cast Iron 
That Can Be Bent.” Mail the coupon 
now. 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 
Please send me booklet “Ductile Iron, 
The Cast Iron That Can Be Bent.” 


| 
| 
| 
| 
| 
| Name 
| 
| 
| 
| 
| 


Title__ 
Company - 
Address as — 
City__ __ State 


THE INTERNATIONAL NICKEL COMPANY, INC. K2.Nc.StNY 
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New Products and Catalogs 
(Continued from page 128) 


Hydraulic Loaders 


J. 1. Case, Co., Racine, Wis., announces its 
new model 100 hydraulic loader which has 
a maximum lift of 96 inches and is cap- 
able of handling up to one ton per bucket 
load. The bucket can be dumped at any 
height and is controlled by a trip lever from 
the driver's seat. For varied operating con- 
ditions, bucket tines are provided with pitch 
adjustment, and they can be reversed for 
longer wear. The loader is quickly mounted 
on Case tractors, and a simple attachment 
makes possible a minimum of connections. 
Bucket arms are of boxed-in, heavy-duty 
channel iron, and replaceable runner shoes 
provide the bucket with longer life. 

The company also announces its new 
model 10 utility loader, which will handle 
up to 44 ton per bucket load. The loader 
is especially suitable for handling manure 


ANY TYPE — ANY KIND 


COIL and FLAT SPRINGS 
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AMERICAN 
SPRING & WIRE SPECIALTY CO. 


Designers and Manufacturers of 


Compression Springs - Extension Springs - Torsion Springs - Farm 
Implement Springs - Single or Double Rake Teeth - Flat Springs - Clock 
Type Springs - Spring Stampings - Wire Forms - Welded Wire Products 


Sizes: .004 to 5g” Round IN ALL GRADES OF MATERIAL 
Qualified Engineers at Your Service 


Tel. VAn Buren 6-0800 - 816-916 N. SPAULDING AVE. - CHICAGO 51, ILL. 


and is also capable of handling small earth- 
moving and scraping jobs. The hydraulic 
power of the tractor’s Eagle Hitch lifts the 
load. A built-in safety valve protects the 
hydraulic system from overload. Maximum 
operating height and depth can be varied 
by relocating the hitch pins in any one of 
three locations. 


— ANY QUANTITY 


Plastic Coated Wiring for Heating 
Hotbeds 


A new, inexpensive method of electrically 
heating hotbeds consists of burying in the 
soil strips of plastic coated electric wire 
connected to a thermostat. This soil-warm- 
ing lineal heater is available in lengths of 
3, 6, 12, 20, 40, and 60 ft. An electrical 
rating of 5 watts per foot of length is 
standard for these lengths. The wiring is 
insulated with vinyl plastic, and this abra- 
sion-resistant insulation protects the wire 
for years against the effects of any acids, 
alkalies, or moisture the soil may contain. 
For best results, the lineal heater is buried 
in the hotbed approximately 6 in below the 
final intended soil level. A layer of wire 
screening, % or 4-in mesh, is placed over 
the heating tape before the remainder of the 
soil is put in the hotbed to prevent possible 
damage to the heater tape by cultivating 
tools. When several kinds of seedlings are 
to be grown, a separate seed flat is used for 
each. In this case, the tape is installed as 
before but the flats are placed directly on 
the wire screening over the tape instead of 
covering with soil. 


Five New Tractors 


Ford Motor Co., Tractor and Implement 
Div., Birmingham, Mich., announces five 
new farm tractors in two power series—600 
and 800. Both models in the 800 series— 
850 and 860—have 5-speed transmissions 
and are powered by Ford’s 172-cu-in engine. 
The 860 model includes the new Ford live 
power take-off for operation of PTO-driven 
machines. This series of tractors will pull 
3-bottom plows. 


The three tractors in the 600 series—640, 
650, and 660—are full 2-plow tractors pow- 
ered by a Ford 134-cu-in engine. The 640 
features 31 improvements in engine, me- 


chanical and hydraulic systems. The 650 
has all the features of the 640 plus a 5-speed 
transmission. The 660 model has live power 
take-off as standard equipment. 


Tool Bar Catalog 


Caterpillar Tractor Co., Peoria, Ill., will 
send on request to interested readers a 
copy of its 12-page booklet on Caterpillar 
No. 64 and No. 42 tool bars which describes 
the multitude of ways these track-type trac- 
tor attachments can serve in everyday farm- 
ing practices. The booklet explains the 
construction and ease of handling of the 
hydraulic control and how it is especially 
adapted for precision work in cultivating, 
furrowing, listing chiseling, subsoiling, disk 
ridging, bordering and other methods in 
farming. It also includes illustrations of 
various attachments for the tool bar. 


Industrial Engine Bulletin 


Willys Motors, Inc., Industrial Engine 
Dept., 940 N. Cove Blvd., Toledo, Ohio, 
will send on request to interested readers 
copies of its technical bulletin just issued 
which fully describes two 6-cylinder indus- 
trial engines which the company produces. 
The bulletin includes power curves, engine 
specifications, engine illustrations, special 
features and other pertinent information. 
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New! The fastest PT.0. baler on the market! 


Gives 3-plow tractor owners full benefit of their available 
extra power! As easy to run as engine-powered balers! 


With the new “Super 77” 
P.T.O., New Holland meets 
the demand for a power take- 
off baler that can be teamed 
with a 3-plow tractor to pro- 
duce highest capacity .. . up 
to 12 tons an hour! 

The overrunning clutch allows 
complete flexibility of operation 
whether or not the tractor is 
equipped with live power take- 
off. Tractor gears may be changed 
up or down without waiting for 
the baler flywheel to stop turn- 
ing and without danger to the 
tractor gears. 


This permits the farmer to match 
ground speed to baling speed ac- 
cording to the size and weight 
of windrows .. . lets him main- 
tain steady, high speed. 


Basic design of this new P.T.O. 
baler follows the field- proved 
features of the advanced ‘“‘Super 
77.’’ Roller bearings on the 
plunger head and pickup are 
just one reason why farmers are 
assured big capacity, longer 
machine life. 


The New Holland Machine 
Company, New Holland, Pa. A 
subsidiary of The Sperry Corp. 


You need no special skill to get maxi- 
mum performance from the “Super 77” 
P.T.O. An overrunning clutch (gear 
box assembly shown above) lets you 
shift tractor gears effortlessly for steady, 
fast operation . . . high capacity. 
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PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indicated. 


PosITIONS OPEN—-AUGUST—O-251-648, 244- 
649. SEPTEMBER—O-276-650, 262-651, 293- 
654. OCTOBER—O-326-656, 332-657, 327-659, 
353-660. NOVEMBER—O-374-661. DECEM- 
BER—0O-417-664, 412-665. JANUARY 1955— 
O-434-666, 437-667, 438-668, 441-669, 442-670, 
447-671, 447-672. 


PosITIONS WANTED — AUGUST — W-237-142, 
265-144. SEPTEMBER — W-246-147, 266-149, 
294-150. OCTOBER — W-296-152, 330-153, 340- 
154, 365-155, 349-156. NOVEMBER—W-369- 
157, 372-159, 375-160. DECEMBER—W-400- 
161, 371-163, 391-164, 409-165, 411-166. 1955 
JANUARY—W-424-167, 429-168, 427-169, 431- 
170. 


NEW POSITIONS OPEN 


ASSISTANT PLANTATION ENGINEER, for 
maintenance of special agricultural equipment 
on plantation in Hawaii. Age 35-40. BS deg in 
mechanical engineering, or equivalent, with 
record as good mechanical engineer and some 
experience in maintenance of various kinds of 
special agricultural equipment. Must have 
considerable drive, ambition, interest in the 
work, ability to get along well with colleagues 
and subordinates, and liking for outdoor life. 
Opportunity for advancement dependent on abil- 
ity shown. Salary $7,500-10,000, plus fringe 
benefits. O-1-701 


SALES ENGINEERS for district offices of an 
established manufacturer of motors and genera- 
tors. Graduate agricultural, mechanical or elec- 
trical engineers preferred with several years of 
field experience in contacting dealers and dis- 
tributors of farm power equipment. This com- 
pany is greatly intensifying promotion of its 
line of agricultural products, including crop 
dryer, stand-by generator and a variety of 
electric motors for farm application. An ex- 
cellent opportunity for advancement for an 
aggressive, sharp and personable individual 
willing to travel and work. Salary open. O- 
2-702 


dust 


Published | 


AGRICULTURAL 
PROCESS ENGINEERING 


By S. M. HENDERSON and R. L. PERRY 
Both of the University of California 


Tus timely and highly informative new book treats the engineering 


viewpoint in its relation to agricultural processing and is mainly concerned 


with the series of “unit operations” or steps in any processing operation that 


are or can be done on the farm or by local enterprise. 


It provides 2 comprehensive description of the engineering elements 


of agricultural processing which, when properly understood and used, can 


help increase the yield of specific raw farm commodities. Unit operations 


discussed include such processes as cleaning and sorting, air conditioning, 


mixing, drying and dehydration, refrigeration, and many others. 


The book contains material which has been prepared from a basic 


standpoint, and many of the topics have been treated descriptively. 


A volume in The Ferguson Foundation 


Agricultural En gineering Series 


1955 402 pages Illustrated $8.50 


»-— Mail for your ON-APPROVAL copy toda 
(AE-25) 


JoHN Wirey & Sons, INc. 
440 Fourth Ave., New York 16, N. Y. 


will remit $8.50 plus postage. 


Address................ 


postage. Same return privilege. 
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Please send me a copy of AGRICULTURAL 
Process ENGINEERING to read and examine 
on approval. Within ten days I will either 
return the book and owe you nothing or 


aL ORR ee eee LI Pree 


NE Sl etnies Zone... ite... 


[] SAVE POSTAGE! Check here if you 
enclose $8.50, in which case we will pay 


AGRICULTURAL ENGINEER, assistant or 
associate professor rating, for research (about 
% time) in a new program cooperative with the 
U.S. Forest Service, to develop new uses and 
outlets for hardwood resources of the area. 
About 4% time teaching elementary surveying 
and/or farm shop, in a state university in the 
Midwest. Age, under 40. MS deg completed 
or near completion, in agricultural engineering, 
preferably with major emphasis on farm struc- 
tures. Research or teaching experience in farm 
structures, forest-products, or wood process- 
ing. Must have ambition, ability to teach and 
to get along well with people, and interest in 
helping develop a new program. Good oppor- 
tunity for advancement. Man hired will be a 
regular staff member in the school’s department 
of agriculture. Good retirement plan. Salary 
$5000 min. O-23-703 


DESIGNERS (2) for various phases of en- 
gine and equipment design with leading trac- 
tor and heavy equipment manufacturer in Mid- 
west. Opportunity for personal growth and 
development with a growing organization with 
a line of products which enjoy an excellent 
reputation throughout the world. Age up to 
50. Engineering graduate or equivalent. Ex- 
perience desirable in design and development 
work and manufacturing. Intelligence, good 
health, and ability to work with people. Me- 
chanical aptitude and knowledge of engineering 
principles. Salary open. O-19-704 * 


AGRICULTURAL ENGINEER for research 
and development work on heavy equipment with 
leading manufacturer in Midwest. Age 22-32. 
BS deg or higher in agricultural engineering. 
Intelligence, good health, and inherent desire 
for research and development work. Oppor- 
tunity for personal growth and development 
with growing organization with well-established 
line of products. Salary open. O-32-705 


EXPORT SALES TRAINEE, to undertake 
extensive training program at manufacturers 
headquarters and plant with view to qualifying 
as export representative with residence out- 
side of U.S.A. Age 21-35. BS deg in agricul- 
tural engineering, or equivalent. No experience 
necessary, but heavy earthmoving equipment 
background would be helpful. Must have in- 
telligence, good health, and a desire to work 
with people. Opportunity for personal growth 
and development with a constantly growing 
world-wide organization. Company is progres- 
sive, stockholder-owned, and manufactures 
products which enjoy an excellent reputation 
throughout the world. Salary open. O-33-706 


SALES REPRESENTATIVE for Midwestern 
distributor of irrigation equipment and farm 
building items. Age 25-50. BS deg in agri- 
cultural engineering or agriculture desirable but 
not necessary if practical experience and gen- 
eral knowledge are satisfactory. Agricultural 
sales, teaching, or farming experience pre- 
ferred. Must have good knowledge of farming 
from personal experience or contact with farm- 
ers. Work requires pleasant disposition, ability 
to speak and write, and a liking for people, 
contact work, and travel. Opportunity for right 
man to earn a good living and to progress in a 
new and rapidly expanding field with a small 
progressive organization. Salary open; base 
salary, sales incentive, and travel expenses. 
0-44-707 


SALES REPRESENTATIVE on grain storage 
equipment and related items for midwestern 
distributor. Age 25-50. College training in 
agricultural engineering or agriculture desirable 
but good practical experience and general 
knowledge will be considered. Agricultural sales, 
teaching or farm experience preferred. Pleasant 
disposition, ability to speak and write, a liking 
for people, contact work, and travel required. 
Opportunity for good living and progress in ex- 
panding field with small, progressive organiza- 
tion. Salary open; base salary, incentive, and 
travel expenses. O-44-708 


METALLURGIST: Well-established com- 
pany in Western Illinois has opening for a 
man with several years’ experience in con- 
ducting chemical analysis of steels; also, for 
handling physical, salt spray, and other tests 
on metal products. Reply giving full back- 
ground, personal history, and salary require- 
ments. O-18-709 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for develop- 
ment, construction or sales work in farm struc- 
tures field in the Midwest. Married. Age 28. 
No disability. BS deg in agricultural engi- 
neering, 1950, Michigan State College. Farm 
background 7 years. Experience since gradua- 
tion with terminal grain elevator on grain 
testing, conditioning and handling; and on 
monolithic concrete construction. Available on 
30 days notice. Salary open. W-34-1 
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GEARS 


of every description — 
made to your specifications 


The gears you buy from E. B. Sewall are made 
by men who are fussy about specifications. 
They've got the finest equipment and know 
how to use it. If you specify .0002” tolerance, 
you get it—at each tooth on every gear we 
ship. We're in a brand new plant, equipped 
to handle your gear requirements. Send 
specifications and quantity for our quotation. 


Your inquiry will be answered promptly 


You will find our experience in WHEEL 
IMPROVEMENT a treasure store for you 
in your search for MOBILITY at its BEST. 
We offer you— 


ie 


SELECTION of Suitable Closure SEALS 


ne) 


Our PACKAGE PLAN 
can save you Research, 
Development, Tooling 
Costs. We Invite Your 
Inquiries. 


FRENCH & HECHT 


DIVISION 
KELSEY-HAYES WHEEL COMPANY - 


DAVENPORT. IOWA 


WS: ’ || 
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Help Farmers Protect Their Investment 


with Engineered 
Concrete Masonry Service Buildings 


Agricultural engineers can help farmers protect 
their investments in herds, flocks and machinery by 
recommending concrete masonry service buildings 
for safe, durable, economical shelter. 


You can recommend concrete masonry barns, ma- 
chine sheds, hog and poultry houses and other 
buildings for economy. They are moderate in first 
cost, require little upkeep and give long years of 
service. That’s low annual cost. 


You can recommend concrete masonry service 
buildings for their durability and safety. They defy 
natural enemies of farm profits — storms, rats, de- 
cay, termites and fire. Concrete can’t burn! 


Concrete masonry farm buildings are wise invest- 
ments. They quickly pay for themselves by saving 
on labor, reducing losses, improving sanitation and 
bettering working conditions for the farmer. 


PORTLAND CEMENT ASSOCIATION 
33 West Grand Avenue, Chicago 10, 


A national organization to improve and extend the uses of portland 
cement and concrete through scientific research and engineering field work 
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Illinois 
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Index to Advertisers 


Allis-Chalmers Mfg. Co. 115 
American Chain & Cable Co., 

Automotive & Aircraft Div. 82 
American Spring & Wire 

i 130 
American Telephone & Telegraph 

Co., Long Lines Dept... 
Armco Steel Corp... 67 
Babson Bros. Co. 2 EON BS 136 
Bearings Co. of America > 77 
Bendix Aviation Corp. 76 
Blood Brothers Machine Co. 57 
Bower Roller Bearing Co... 60 
Burlap Council, 

Indian Jute Mills Assn. 125 
, 8 Se 2nd cover 
Chain Belt Co. ae 
Chicago Rawhide Mfg. . ae 65 
Clark Equipment Co... 61 
Crucible Steel Co. of America 64 
Dayton Rubber Co. 62, 63 
Deere & Company... 73 
Electric Auto-Lite Co. 74, 75 
Electric Wheel Co. 128 
Fafnir Bearing Co. = sC«*dT*zY' 
Ford Motor Co., 

Tractor & Implement Div... 80 
| 133 
Hyatt Bearings Div., 

General Motors Corp... 68 
Hydreco Div., 


The New York Air Brake Co... 118 


in Irrigation Sprinklers ‘ 


For 20 years, Rain Bird has led the field in improved irrigation sprinklers. 
With its famous spoon-type, one-piece arm, open spring and 
simple, efficient bearing, Rain Bird has set the pace that others follow. 
Precision-built, with a minimum of moving parts, Rain Bird 
sprinkler dependability is something you can count on. 


Accept no substitutes. Invest in Rain Bird for years of dependable 
sprinkler performance. Also, be sure that the installation 
of your entire sprinkler irrigation system meets the standards 
set by the American Society of Agricultural 
Engineers and fits your needs exactly. 


aa ale i 


- NATIONAL RAIN: aun sats & ee 4 


International Harvester Co... 84 
International Nickel Co., Inc... 129 
cS eae 81, 113 
Mechanics Universal Joint Div., 
Borg-Warner Corp. 69 


ee ee 72 
National Rain Bird Sales & 

Engineering Corp... = 134 
New Departure, 

Div. of General Motors __ 3rd cover 
New Holland Machine Co. 131 
The New York Air Brake Co. 118 
Peoria Malleable Castings Co... ss: 66 


Portland Cement Assn... «13 
Purolator Products, Inc... = s«*d1:227 
Raybestos-Manhattan, Inc... ss 78 
Russell, Burdsall & Ward Bolt 

| > eee ae = ee 
E. B. Sewall Mfg. Co.  s«d8 
Stow Mfg. Co. _- PA earn 120 
The Texas Co. - - 127 
The Timken Roller Bearing Co. “Ath. cover 
The Torrington Co. 79 
ee ane 124 
ee 83 
Upson-Walton Co. 122 
Veeder-Root, Inc. 70 
John Wiley & Sons, Inc. 132 
Wisconsin Motor Corp... 126 
Young Radiator Co. 123 


Mail postpaid 


Engineering for years... 
Will remit in 10 days o or return binders. 


AmucouuU Ne NAANUUUENNAENANAU HUNT AAAA NAAN UUULLAAAAAROUU NAAR 


Professional Directory 


RATES: 80 cents per line per issue; 40 cents 
per line to ASAE members. Minimum charge, 
five-line basis. Uniform style setup. Copy must 
be received by first of month of publication. 


Se ee ee TTT ALLL LLL LALO LLL 


J. F. SCHAFFHAUSEN 
Agricultural & Sales Engineering 
Research Farms: United States - Canada 


Market Development, Sales Training, 
Design, Public Relations, Editorial Services 


IRVINGTON -ON-HUDSON, NEW YORK 


COPIES AVAILABLE 


Agricultural Engineers 
Yearbook 


Contents includes (1) ASAE-Approved Standards, 
Recommendations, and Engineering Data; (2) 
Directory of Suppliers to Agricultural Engineers; 
(3) Roster of ASAE Members; (4) List of ASAE 
Officers, Divisions, Sections, and Committees. 
Published by the American Society of Agricul- 
tural Engineers, this publication is an essential 
and frequently consulted reference source for 
every agricultural engineer, as well as for any 
individual, organization, or library in need of the 
particular information it contains. 

Copies of the current edition of AGRICULTURAL 
ENGINEERS YEARBOOK are available at $5.00 
per copy postpaid. Send order with remittance to 


American Society of Agricultural 


Engineers 
St. Joseph, Michigan 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


One copy $9.80 


Two or more 
$2.40 each 


THE ONLY binder that 
opens flat as a bound 
book! Made of durable, 
green imitation leather, 
nicely stamped on back- 
bone, with the name of 


journal and year and volume number, it will preserve 
your journals permanently. Each cover holds 12 issues 
(one volume). Do your own binding at home in a few 
minutes. Instructions eas 
full information, or binder on 10-day free trial. 


to follow. Mail coupon for 


-—=-=- MAIL COUPON TODAY 


THE SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit 26, Mich. 


binders for Agricultural 
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“Financial Security 


Is Based On Savings...” 


ARTHUR B. HOMER 


President 
Bethlehem Steel Corporation 
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$, .. and the purchase of U.S. Savings Bonds through the 
Payroll Savings Plan is one of the easiest ways for any 
individual to save for economic security.” 


If you agree with Mr. Homer that “. . . the Payroll Sav- 


ings Plan is one of the easiest ways to save for economic 
security.” — 


If you believe with millions of other Americans that 
there is no safer investment than U.S. Savings Bonds— 


Why not take a really personal interest in your em- 
vloyees and your Payroll Savings Plan? 


Pick up the phone, now, and ask the man in charge 
of your Payroll Savings Plan three questions: 


e How many of your employees are enrolled in 
the Payroll Savings Plan? 


e What is the percentage of employee participa- 
tion? 


e When did your company last conduct a person- 
to-person canvass? 


If less than 50% of your employees are enrolled in the 
Plan ... if you have not conducted a person-to-person 
canvass in the past two years (or if you do not have the 
Plan), act now! Telephone, wire or write to Savings 
Bonds Division, U.S. Treasury Department, Washing- 
ton, D. C. You will hear promptly from your State 
Director, U.S. Treasury Department who will be glad 
to help you conduct a person-to-person canvass that 
will put an application blank in the hands of every 
employee. That is all you have to do. Your employees 


will do the rest. They want to save for their economic 
security. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 
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‘ELECTROBRAIN- 


The 
Automatic 
High-Velocity 
Push Button 
Pipeline Washer 


ELECTROBRAIN is a fully automatic timing de- 
vice designed specifically to handle the cycles of 
C.I. P. (Cleaned In Place) washing of milk lines 
and milking equipment. 


“The right routine 
locked up in a box 
that has no key” 


Electrobrain is never hurried — never forgets 
—is never careless. The right and accepted rou- 
tine is the only one that it knows. 


BABSON BROS. CO. 
2843 W. 19th St., Chicago 23, Ill. sci ii 


ATLANTA - HOUSTON + KANSAS CITY - MINNEAPOLIS - SACRAMENTO + SEATTLE » SYRACUSE - TORONTO 
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Babson Bros. Co., 
2843 W. 19th St., 
Chicago 23, Ill., Dept. AE 


| 
| Please send me further details on ELECTROBRAIN. 
i 
} 


for further information on 
"ELECTROBRAIN' 


Send this blank for a 
brief booklet on the new 
Surge system of pipeline 
**Cleaning in Place.’’ 


NAME 
(Please Print) 


ADDRESS ——_ 


Ce 
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PRECISION 
SOLUTION 


to combination loads! 


Combinations of axial and radial loads on moving 
parts present a constantly recurriny problem to 
the engineer and designer. And this problem is 
further multiplied by today’s demand for lasting 
precision with minimum service and adjustment. 
Naturally, too, every designer strives for a basic 
simplicity in his product that means manufactur- 
ing economy. 
A Job For Bearings 

The work of holding moving parts in a predeter- 
mined position or location must fall on the bear- 
7 How well they maintain the desired accuracy 

. and for how long . . . determines their value. 


‘See of certain lehman qualities, ball bear- 
ings offer outstanding advantages that can be 
found in no other type of bearing. 


Basic Advantages Of The Ball 
The ball is a unique shape. It rolls naturally in 
any direction. It has no weakest point. In com- 
bination with raceways of proper design, it can 
resist all loads. 


Parts are held rigidly in position and, since wear 
is virtually nonexistent in properly enclosed ball 
bearings, no adjustment is required. Regardless 
of the angle at which load is applied, a uniform 
and readily calculable resistance is presented, and 


a 


"t 


om.. 


bearing life may be accurately predicted. Ball 
bearings thus may be readily selected to match 
the service expectancy of the machine in which 
they are used 


New Flexibility For Machines 
Through this ability to resist all loads, machines 
using ball bearings can be operated in any position 
and at high or low speeds. One compact ball bear- 
ing can often replace an installation of two other 
bearings of different load-carrying abilities. 

New Departure will welcome the opportunity 
to work with you on any bearing problem. Remem- 
ber, there is no substitute for experience—and 
for more than 50 years New Departure has led 
in bearing design, testing and manufacture. 


A. In this automobile rear wheel mounting the axle shaft is located 
against thrust in both directions by a single New Departure 
Sealed-for-Life bearing. Adjustments and need for relubrication 
are eliminated. Here are definite advantages over other types of 
anti-friction bearings. 


B. In applications subject to heavy thrust, such as live centers, 
double row New Departure ball bearings give excellent per- 
formance. These bearings may be internally preloaded for 
maximum resistance to deflection under load. In this example, 
the center nose is ground after assembly. 


C. In applications such as pulleys, New Departure radial, non- 
loading groove bearings may be used singly for radial, thrust or 
combined loads according to rated capacities. Thrust and radial 
capacities are approximately equal. 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS + BRISTOL, CONN. 


For complete information 
send for Booklet BA-I1 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 
LLL -.2.2:0: rr 


How Allis-Chalmers Maintains Accurate Gear 
Mesh in the New Roto-Baler 


Timken Bearing 
Direct Mounting 
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Timken Bearing 
Direct Mounting 


HEN Allis-Chalmers engineers designed the new 
Roto-Baler they had the problem of keeping the 
gears in alignment and in accurate mesh. Here’s how 
Timken® tapered roller bearings helped them solve it. 


Each shaft has a direct Timken bearing mounting. 
The shafts are held in positive alignment because 
Timken bearings prevent movement in any direction, 
radially or laterally. The tapered design enables the 
bearing to take both radial and thrust loads in any com- 
bination. The gears mesh accurately and operating in 
a bath of oil the gear wear is negligible. 


Timken bearings help farm equipment engineers 
solve another big problem: closures. Because of their 
close tolerances, Timken bearings hold shafts and 
housings concentric. This makes the bearing seal more 


The farmer’s assurance 


fretrdin ge ———_ , 


Timken Bearing 
Direct Mounting 


effective. Lubricant is held in; dirt, dust, mud and 
moisture are kept out. 


Timken bearings reduce friction to a minimum, make 
the Roto-Baler operate more smoothly. They have an 
incredibly smooth surface finish. And they have true 
rolling motion because lines drawn coincident with the 
working surfaces of the rollers and races will all meet 
at a common point on the axis of the bearing. 


Timken bearings help you solve three big design 
problems: dirt, combination loads, ease of operation. 
Write now for your free copy of our helpful, inform- 
ative booklet, “Tapered Roller Bearing Practice in 
Current Farm Machinery Applications”. The Timken 


Roller Bearing Company, Canton 6, Ohio. Cable 
address: ““TIMROSCO”’,. 


Tapered \ 
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